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FEASIBILITY STUDY
SITE STRATEGY/REMEDIAL ALTERNATIVES MEMORANDUM

Himco Dump Superfund Site
Elkhart, Indiana

1.0 INTRODUCTION

1.1 Purpose

This Site Strategy/Remedial Alternatives Memorandum has been prepared by
SEC Donohue Inc. (SEC Donohue) for the Himco Dump Superfund Site (Himco site) in
Elkhart, Indiana. This memorandum has been prepared as a substitute document in lieu of
the Alternatives Array Document (AAD) for the Himco site.

A typical AAD addresses the identification, screening, and selection of possible remedial
alternatives for a Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) site. Because municipal landfill sites share similar characteristics, they
lend themselves to remediation by similar technologies. To take advantage of this aspect
of municipal landfills, the United States Environmental Protection Agency (U.S. EPA) has
developed some tools and methodologies to streamline the remedial
investigations/feasibility study (RI/FS) process (U.S. EPA, 1991). In particular, the
formulation and screening of remedial technologies, which is conducted as part of the AAD
process, is limited to a few relevant technologies. These technologies are discussed in the
guidance document, "Conducting Remedial Investigations/Feasibility Studies for CERCLA
Municipal Landfill Sites", Final, February 1991 (U.S. EPA, 1991). Consequently, for
CERCLA municipal landfill sites similar to the Himco site, the FS step of screening the
universe of possible remedial alternatives is much more focused. It should be noted that
the list of technologies described in the guidance document does not alleviate the
responsibility of the SEC Donohue FS team to consider other appropriate technologies.
The consideration of other appropriate technologies which are not included in the
guidance document is ongoing. However, none have yet been identified by the FS team.

Section 1.0 of this memorandum presents the purpose of the memorandum, a description
and history of the Himco site, a summarization of the RI for the site, a summarization of
the baseline risk assessment for the site, and a description of the Himco site remediation
approach. Section 2.0 presents a discussion of the remedial technologies and process
options identified for the site. Section 3.0 presents a discussion of the remedial response
alternatives which have been selected to be carried over for detailed evaluation in the FS



Report. Section 4.0 presents the Federal and State Applicable or Relevant and
Appropriate Requirements (ARARs) which have been identified for the Himco site. One
of the objectives in preparing this memorandum it to present the preliminary listing of
ARARs and to have both the U.S. EPA and the Indiana Department of Environmental
Management (IDEM) personnel review and provide comments. Section 5.0 lists the
references cited in this memorandum. Ten Technical Memoranda, A through J, are
included as attachments. These technical memoranda present preliminary discussions and
calculations regarding potential remedial actions for the Himco site.

1.2 Site Background

\2.l Site Description

The Himco site is a closed landfill located at County Road 10 and the Nappanee Street
Extension in the town of Elkhart, located in Elkhart County, Indiana. The site covers
approximately 50 acres in the Northeast quarter of Section 36, Township 38 North, Range 4
East, in Cleveland Township. The site is bounded on the north by a tree line and
northernmost extent of the gravel pit pond; on the west by two ponds, the L pond and the
small pond; on the south by County Road 10 and private residences; and on the east by
Nappanee Street Extension (Figure 1-1). The site is not fenced. In the vicinity of the site
are agricultural, residential, and light industrial land uses.

There is a sand access road into the southeast corner of the site near the intersection of
County Road 10 and Nappanee Street Extension. A locked gate is present across this road,
however, vehicles can easily drive around the gate and enter the site.

The highest elevation on the site is 7745 feet above mean sea level (MSL). This high point
is located on top of the mounded landfill area of the site. The typical ground surface
elevation surrounding the mounded landfill area is approximately 762 feet above MSL.
The landfill area of the site is covered with a layer of sand of varying thickness. Beneath
the sand, a layer of white powdery calcium sulfate, also of varying thickness, is present.
The western half of the existing landfill cover is vegetated with grasses. The eastern half of
the existing landfill cover is vegetated with grasses, bushes, and young trees. Numerous
piles of concrete and asphalt waste material are present across the eastern half of the
landfill.

There is an abandoned gravel pit operation in the northeast corner of the site. An old
truck scale and concrete structures are also present in this area. The gravel pit itself is
filled with water which is approximately 30 feet deep. Two other smaller and shallower
ponds, commonly referred to as the L pond and the small pond, exist on the west side of
the site.
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The area south of the landfill and north of County Road 10 is densely vegetatedjn places.
Numerous small piles of rubble, concrete, asphalt and metal debris are scattered
throughout the area. Calcium sulfate is not present in this area.

Eleven U.S. EPA monitoring wells and approximately 16 United States Geologic Survey
(USGS) monitoring wells have been installed on or immediately adjacent to the Himco
site.

122 Site History

The Himco site was privately operated by Himco Waste Away Service, Inc., and was in
operation between 1960 and September 1976. As of January 1990, the parcels of land
which comprise the landfill are owned by the following individuals or corporations:

1. Miles Laboratories
2. CLD Corporation
3. Alonzo Craft, Jr.
4. Indiana and Michigan Electric Company

A brief history of the Himco site was provided by Chuck Himes, principal landfill operator,
during a SEC Donohue site visit on November 9,1989. According to Mr. Himes, the area
was initially a marsh and grassland. There was no liner, no leachate collection, or gas
recovery system constructed as part of the landfill. Refuse was placed at ground surface
across the site, with the exception of trench filling in the eastern area of the site. At that
location, a total of five trenches 10-15 feet deep, the width of a truck and 30 feet long, were
excavated. Paper refuse was reportedly dumped in the trenches and burned. The landfill
had no borrow source but obtained sandy soil for daily cover from the gravel pit to the
north, the L pond to the west, and essentially anywhere around the perimeter of the site
where sand was available. Mr. Himes reported that essentially two-thirds of the waste in
the landfill was calcium sulfate from Miles Laboratories. As much as 360 tons/day were
dumped over an unknown time period. Other wastes accepted at the landfill included
demolition/construction debris, household refuse, and industrial and hospital wastes. In
1976, the landfill was closed and covered. The cover consisted of approximately one foot of
sand overlying a calcium sulfate layer.

In 1971, the Indiana State Board of Health (ISBH) first identified the Himco site as an
open dump. In early 1974, residents along County Road 10 south of the Himco Dump
complained to the ISBH about color, taste, and odor problems with their shallow wells.
Analyses of six shallow wells along County Road 10 by the state showed high levels of



manganese.. These wells were finished at depths ranging from 20 to 30 feet. Mr. Himes,
the principal landfill operator, was advised by ISBH to replace these six shallow residential
wells. The new wells were finished at depths ranging from 152 to 172 feet below ground
surface. Well logs indicate that these wells were finished below a clay confining layer.

In 1975, Mr. Himes signed a consent agreement with the ISBH Stream Pollution Control
Board to close the dump by September of 1976.

In 1984, U.S. EPA field investigation team (FIT), as part of the Hazard Ranking System
(HRS) scoring package, conducted a site inspection at the Himco Site. Laboratory
analyses from a number of the existing USGS monitoring wells showed that the
groundwater downgradient of the site was impacted by volatile organic compounds
(VOCs), semivolatile organic compounds (semi-VOCs) and metals. At the time of the site
inspection, leachate seeps were observed.

In June 1988, the Himco site was proposed for the National Priorities List (NPL) and in
February 1990, the site was officially designated a NPL site.

In July 1989, under the Alternative Remedial Contract Strategy (ARCS) contract, the
U.S. EPA issued a work assignment to SEC Donohue to conduct a RI/FS at the Himco
site. From October 1990 through February 1991, SEC Donohue conducted a Phase I RI at
the site. Activities completed included excavation of test pits, installation of monitoring
wells, and collection of soil, landfill gas, surface water, sediment, and groundwater samples
for chemical analysis. In September 1991, SEC Donohue conducted a Phase JJ RI at the
site. Activities completed included excavation of test pits, installation of a monitoring well,
and collection of soil, surface water, sediment, leachate and groundwater samples for
chemical analysis.

12 J Remedial Investigation Results

The RI at the Himco site was conducted to determine the nature, extent, and sources of
contamination to support a human health risk assessment, ecological assessment, and to
conduct a FS. Media sampled and analyzed during the RI included:

• surficial soil on the landfill cover

• surficial soil in areas adjacent to the landfill

• subsurface soils adjacent to the landfill



• waste mass gas under the landfill cover (3 feet deep)

• groundwater

• leachate collected from within the landfill

• Surface water and sediment from three surface water bodies (Quarry Pond,
L Pond and Small Pond) at the site

Activities completed during the RI also included characterization of the waste in the
landfill, geologic and hydrogeologic conditions, and an assessment of human and ecological
impacts.

12.3.1 Landfill Characteristics

Figure 1-1 shows the landfill boundaries. The extent of the landfill was determined using a
combination of geophysical surveys, test pit and soil boring observation, and examination of
aerial photographs.

Test pit excavations in the landfill revealed the presence of mixed waste. In addition,
leachate was present in the majority of trenches. Leachate was observed to be gray-black
in color with "rainbow sheens", except at one location near the southwest corner of the
landfill which was biphasic and red/brown in color. At this location the organic phase of
the leachate contained approximately 48 percent toluene by weight. This location has been
referenced as the hot spot in the landfill. The hot spot is indicated on Figure 1-1.

Three general layers were consistently observed in the landfill. The top layer can be
characterized as a silty sand cover soil fill which ranged in thickness from a thin veneer to
several feet. Underlying the sand cover, and in some cases at ground surface, calcium
sulfate was found and varied in thickness from a few inches to as much as nine feet towards
the southeast central and southern areas of the landfill. The area! extent of the calcium
sulfate layer is shown in Figure 1-1. Beneath the calcium sulfate layer, an estimated 15 to
20 foot thick waste layer is present Underlying the calcium sulfate, wastes were found to
include paper, plastic, rubber, wood, glass, metal including an occasional drum, glass, and
small amounts of hospital wastes (e.g., syringes, vials).

Non-native soil mixed with construction debris was observed in test pits outside the landfill
along the south central and southwest edge of the landfill. This area is identified in Figure
1-1. No calcium sulfate was found in this area. Semi-VOC contamination was found to be
most prominent in surface soil samples collected from this area.



1.2.3.2 Geology/Hvdrogeologv

The stratigraphy beneath the Himco site can be characterized as sand and gravel ourwash
deposits comprised of alternating beds, varying in thickness, of poorly to well graded sands
and gravels, and gravel-sand-silt mixtures ranging from approximately 200 to 500 feet below
ground surface. These ourwash deposits constitute the primary groundwater aquifer at the
site. Minor seams of silt and clay were also encountered, but there was no indication of a
consistent confining layer beneath the site.

Groundwater occurs between approximately 5 and 20 feet below the ground surface at the
site, at an elevation ranging from 752 to 756 feet (MSL). The elevation of the bottom of the
waste mass is estimated to range from 755 to 760 feet (MSL). Three surface water bodies
representing the surface expression; of the water table exist at this site. Groundwater flow is
generally to the south-southeast towards the St. Joseph River, which is a regional
groundwater discharge for this area. Groundwater recharge is from under flow from the
north and from surface water infiltration. The average horizontal flow gradient beneath
the site is approximately 0.0016 ft/ft. Vertical gradients were predominantly upward and
ranged from 0.00021 ft/ft to 0.0013 ft/ft Calculated field hydraulic conductivities ranged
from 0.12 cm/s to 0.00079 cm/s, with an average value of 0.0022 cm/s.

1.23.3 Site Contamination Condition

Groundwater

Two rounds of groundwater sampling revealed very limited groundwater contamination
outside the boundaries of the waste. No pesticides or polychlorinated biphenyls (PCBs)
were detected in groundwater samples, and only trace amounts of VOCs and semi-VOCS
were detected. However, during RI Phase I sampling, trichloroethene exceeded its MCL of
5 ug/1 in two USGS wells Jl and J2, which are located approximately 2000 feet off-site and
side gradient of the Himco site. 1,1,1-trichlorethane (MCL of 200 ug/1) was detected in
well Jl at 42 ug/1 and in well J2 at 18 ug/1. Inorganic concentration ranges are presented
in Table 1-1. Arsenic, beryllium, and antimony were primarily detected in wells near the
southeast corner of the site. The highest concentrations of inorganics were consistently
detected in shallow wells. Overall, inorganic analytes detected in filtered samples were
similar in concentrations to unfiltered samples, expect for Phase I concentrations in USGS
well E2, located near the southeast corner of the site. For USGS well E2, the majority of
filtered metal concentrations were orders of magnitude lower than unfiltered samples. For
example, lead and arsenic were detected in the unfiltered sample at 106 ug/1 and 54.5 ug/1,



TABLE 1-1

SUMMARY OF DETECTED INORGANIC ANALYTES (TOTAL)
SHALLOW GROUNDWATER USEPA AND USGS WELLS

HIMCO DUMP RI/FS
1992

Background
Concentration Range

(ug/1)
Analyte MCL (ug/1)

Aluminum

Antimony
Arsenic
Barium 2,000
Beryllium
Cadmium 5
Calcium
Chromium 100
Cobalt
Copper
Iron
Lead 15
Magnesium
Manganese
Mercury 2
Nickel
Potassium
Selenium 50
Silver
Sodium
Thallium
Vanadium

Zinc
Cyanide

Qualifiers

Round 1

695-813
ND
ND

223-65.5
3.1
ND

77,700-211,000
6.5-20.9

ND
8.7-16.7

123-U40
22"

1L200-25.100
38.1-99.9

ND
ND

2,110
2.4
ND

4,690-48,600
ND
ND

13.9-24.1
ND

Round!

166(BJ)-6930
ND(DJ)
53(BJ)

56.5(B)-125(B)
ND
ND

138,000-165,000
2*24.6

25.4
31.0

60.8(B)-17200
912'

20,300-32,900
92(B)-L,870

ND
475

L730(B)-2,120(B)
ND
ND

5,490-50,700(J)
ND

26.8(B)
79

ND

Range of Concentrations
in downgradient wells

(ug/1)
Round 1

23.6(B)-113,000
31.2(B)-623
1.0(B)-54.5
6.4(B)-510
12(B)-5.4

ND
14,100-217,000
43(BJ)-354

5.7(B)-28.6(B)
3.7(B)-139

56.5(BJ)-39300
1.1(BJ)-106(J)*
2,650(B)-41,700

3.7(B)-2,070
0.20(J)-1.0(J)

79.4-111
468(B)- 12,900

2.1(B)-33.0
65(B)-18.4(J)

L850(B)-78,800
ND

4JS(BJ)-106
6.1(BJ)-390(J)

ND

Round 2

77.1(BJ)-3130
ND

17(B)-242
82(B)-218

13
13-3.0(BJ)

15300-361,000
2 -̂453
3.1-11.4
16.6-79.8

29.4-78^00
6*210*

6350-78,000
92(Bb)-3590

ND
7.10(B)-36.6(B)
1,090(B)-13,900

ND
ND

3380(BJ)-52300(J)
ND

3 (̂B)-123(B)
17(B)-13,600

ND

ND - Below detection limit
B - Analyte found in associated blank as well as in the sample
J - Indicates an estimated value
* - Filtered samole shlowed concentraters less than the corresmmine MCLs.

R/H1MCO/ALO



respectively. In the filtered sample lead was detected at 2.1 ug/1, and arsenic was not
detected. In addition, the total suspended solid concentration detected in well E2 was 378
mg/1. Therefore, contamination in well E2 appears to be associated with suspended solids.
In addition, the majority of the highest concentrations of inorganic analytes were detected
in well E2. Total lead was detected in seven wells above the MCL for lead.
Concentrations ranged from 28.1 ug/1 to 210 ug/1. However, filtered lead concentrations
on these same wells were, non-detect or below MCLs.

Leachate

Leachate was sampled at four locations and analyzed for VOCs, semi-VOCs,
pesticide/PCBs, metals/cyanide and water quality. A summary of contaminants detected
in leachate is provided in Tables 1-2, 1-3, 1-4 and 1-5. Leachate from test pit TL5
separated into two phases. Each phase was analyzed separately for VOCs and semi-VOCs.
All other analyses on TL5 were done with the two phases mixed. The other three leachate
samples were single phase samples, and were described as gray-black water with some
visible sheening.

Concentrations of VOC and inorganic contaminants detected in leachate were typically
orders of magnitude higher than groundwater concentrations. In addition, some VOCs and
semi-VOCs which were detected in the leachate were not detected in the groundwater.
Three VOCs were detected in groundwater samples which were not detected in leachate
samples include bromodichloromethane, chlorobenzene, and dibromochloromethane.
None of these three compounds exceeded 2.0 ug/1 in groundwater samples. The highest
concentrations of VOCs were detected in leachate from TL5. Also, VOCs in TL5 were
different between the two phases. Traces of pesticides were detected in leachate samples
TL1 and TL2. Pesticides were not detected in any of the groundwater samples collected.

Soil

Contaminants were detected primarily in surficial soils. A summary of inorganic, VOC,
and semi-VOC concentration ranges is presented in Tables 1-6, 1-7, and 1-8. Arsenic and
beryllium were detected in surficial soil samples located across the western half of the site,
around the quarry pond, and in the south-central area characterized by non-native soil and
construction debris. The highest concentrations of arsenic were detected in soil samples
from the south central area. Beryllium was detected at random locations at relatively
consistent concentrations. VOCs were detected widespread across the site. In all cases,
VOCs were found at low concentrations (less than 140 ug/kg). Semi-VOCs soil
contamination was found to be most prominent in samples collected in the south-central
area characterized by non-native soil and construction debris. Pesticides were detected in
two soil samples collected from this area.



TABLE 1-2

SUMMARY OF DETECTED INORGANIC ANALYTES (TOTAL)
LEACHATE WATER

H1MCO DUMP RI/FS
1992

MCL(ug/l)

Aluminum

Antimony
Arsenic
Barium 2,000
Beryllium
Cadmium 5
Calcium
Chromium 100
Cobalt
Copper
Iron
Lead 15
Magnesium
Manganese
Mercury 2
Nickel
Potassium
Selenium 50
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide

Concentrations Detected (mg/I) by Trench Number
TL-1 TL-2 TL-4 TL-5

78.1(8)
ND
ND

2.1(8)
1.6(BNJ»)

2400(8) ug/L
1.66

4.5(BNJ)
3300(BJ) ug/1
11,700(BJ) ug/1

112
ND

89.4(J')
ND

420(NJ) ug/1
ND
ND
ND
ND
ND
ND

3,000(BNJ) ug/1
6,700(8) ug/1

ND

301
10.5
ND

3.7(B)
5.7(NJ*)

ND
2.14

44(BNJ)
ND

8,800(BJ) ug/1
272

28300(NJ*) ug/I
205(J*)
9.6(8)

420(NJ)
ND
ND
ND
ND
415
ND

4,500(BNJ) ug/1
18,400 ug/1

ND

8.47(J)
.0726(J)
19 ug/1
.53(8)
ND

4.4(8) ug/1
288

32.9 ug/1
13.5 ug/1
626 ug/1

17.5
505(J) ug/1

603
3.15

13(3) ug/1
55 ug/1

212
ND
ND
83.4
ND

32.1(8) ug/1
713(J) ug/1

108ug/I

356(N)
ND
ND

4.7(8)
U(BNJ»)

ND
45

10,000(BNJ) ug/1
ND

3,000(BJ) ug/1
254
ND

108(J*)
ND
ND
ND
ND
ND
ND
ND
ND
ND

10,700(8) ug/1
48,400 ug/1

Qualifiers

ND- Below detection limits
B - Analyte found in associated blank as well as in the sample
J - Indicates an estimated value
N • Spike sample recovery not within control limits. This value is usable.
* - Duplicate analysis not within control limit. The values is usable.

A/R/HIMCO/AO2



TABLE 1-3

SUMMARY OF DETECTED VOCS
LEACHATE WATER (ug/1)

HIMCO DUMP RI/FS
1992

Chemical MCL(ug/l)

Concentrations Detected (ng/1) by Trench Number
TL-5

Red Phase Yellow Phase
TL-1 TL-2 TL-4 (mg/kg) (mg/kg)

(organic) (aqueous)

Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon DisulSdc
1,1-Dichloroethane
1,2-Dichloroethene (total) 100
Chloroform
2-Butanone
1,1,1-Trichloroethane 200
TrichJorocthene
Benzene 5
4-Methyl 1-2-pentanone
2-Hexanone 5
Tetrachloroethene 100
Toluene
Ethyl Benzene
Styrene
Xylenes (Total)

47(J)
ND
550

13X)
130
220
410

76(J)
420
520

550(J)
97(J)
110
ND

48(J)
1,100
640
ND
200

16
3{CJ)

18
85

4(J)
64
66

ND
13

ND
11

32(J)
9(J)
ND
ND
63
150
3(J)
330

ND
ND
ND
ND
ND
5(J)
ND
ND
ND
10
180
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

17,000(J)
29,000(J)

ND
480,000(J)
6,400(J)

ND
44,000(J)

ND
ND

260(BJ)
300(BJ)

ND
ND
ND
ND

4,100(BJ)
ND
ND
ND

410(J)
570(J)

ND
8SO(J)

ND
ND

77(J)

Qualifiers

MD- Below detection limit
B • Analyte found in assoicated blank as well as in the sample.
J - Indicates an estimated value

A/R/HIMCO/A02



TABLE 1-4

SUMMARY OF DETECTED SEMI-VOCS
LEACHATE WATER (ng/1)

HIMCO DUMP RI/FS
1992

Cbemical

Phenol
Benzyl alcohol
2-Methyiphenol
4-Methylphenol
2,4-Dimethylphenol
Benzole Acid
Naphthalene
Acenaphthylene
Diethyiphthalate
Phenanthrene
Fluoranthene
Pyrene
Chrysene
Bis(2-Ethylhexyl)phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(l,23-cd)pyrene
Benzo(g,h,i)perylene

Carcinogenic PAHs
Non-carcinogenic PAHs

Concentntioiis Detected (og/1) by Trench Number
TL-5

Red Phase Yellow Phase
TL-1 TL-2 TL-4 (mg/kg) (mg/kg)

6,600
ND

440(J)
4,200(J)

84{J)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

270
ND
10(J)
140(J)
10(J)
ND
ND
ND

49(J)
ND
ND
ND
ND

22(J)
ND
ND
ND
ND
ND

ND
ND

72
ND
ND
ND
ND
ND
4(J)

10)
ND
2(J)
7(J)
8(J)
50)
ND
6(J)
3(J)
50)
2(J)
2(J)

21
19

560ug/l
ND
ND
ND
ND
ND

45(J)
ND
ND
ND
ND
ND
ND

180(J)
ND
ND
ND
ND
ND

ND
ND

ND
11

ND
ND
ND
9(J)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

Qualifiers

ND- Below detection limit
J - Indicates an estimated value.

A/R/HIMCO/A02



TABLE 1-5

SUMMARY OF DETECTED PESTICIDES/PCBs
LEACHATE WATER

HIMCO DUMP RI/FS
1992

Chemical Name TL-01 (ug/1) TL-02 (ug/1)

alpha-BHC
beta-BHC
Heptachlor
Aldrin
Dieldrin
Endosulfan n
4,4-DDT
alpha-Chlordane
gamma-ChJordane

Qualifiers

D • This flag identifies all con

.017(DJ)
: ,097(DJP)

0.12(DJP)
0.13(DJP)

ND
0.17(DJ)

029(DJP)
<X22(DJP)
0.029(DJP)

ipounds identified in an ana]

ND
.068(DJP)
0.023(DJP)
0.12(DJP)
0.073(DJP)
0.048(DJP)

ND
ND

0.028(DJP)

lysis at a secondary
dilution factor. This flag alerts data users that any discrepancies between the
sample concentrations reported may be due to dilution of the sample or extract.
The value is usable.

J - Indicates an estimated value.

P - This flag is used for a pesticide/aroclor target analyte when there is greater than
25% difference for detected concentrations between two GC columns.

A/R/HIMCO/A02



TABLE 1-6

SUMMARY OF DETECTED INORGANIC ANALYTES
SURFICIAL SOIL

HIMCO DUMP RI/FS
1992

Analyte

Aluminum

Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Maganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium

Vanadium
Zinc
Cyanide

Background
(mg/kg)

5,100
ND
1.5
62

0.69
ND
386
6.5
3.7
4.7

6^70
7.8
762
402
ND
6.5
252
0.25
ND
ND
ND
11.8
20.5
ND

Range of
Concentrations

Detected
(mg/kg)

9.7(B) - 6,780(J)
3.1(BJ) - 46.8
0.47(B) - 5.8
13(BJ) - 101

0.20(BJ) - 0.91(BJ)
1.1(B)

360(B) - 321,000(J)
1.1(B) - 132

1.5(8) -53(B)
13(B) - 216

9.8(BJ) - 10100
0.5(BJ) - 245(J)
14.6(BJ) - 14000
13(BJ) - 561(J)
0.13(J) - 0.54{J)

2.4(B) - 12.0
86.6(8) -678{B)
0.27(BJ) - 1.4(1)

8.49(BJ) - 2.8(BJ)
20.8(B) - 90.6(B)

ND
1.6(BJ) - 19.1
1.7(B) - 229
13 - 243

QualiGers

ND • Below detection limit
B - Analyte found in tbe associated blank as well as in tbe sample
J - Indicates an estimated value

A/R/HIMCO/AK8



TABLE 1-7

SUMMARY OF DETECTED VOLATILE ORGANIC COMPOUNDS
SURFIC1AL SOILS

HIMCO DUMP - RI/TS
1992

Compound

Methylene Chloride
Acetone
Carbon Disulfide
1,1 • Dichloroethene
2 - Butanone
Tetrachloroethene
Trichloroethcne
Toluene
Ethyl Benzene
Styrene
Xylenes (total)

Background
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Range of
Concentrations

Detected
(ug/kg)

3(J) - 140
3(J)-31
0.8(J)
5(J)

2(J)-8
6(J)

0.9(J)-4(J)
2<J)-31

0.7(J)-2(J)
0.8(J)

0.1(3) • 6

Qualifiers

ND- Below detection limit
J - Indicates an estimated value

A/R/HIMCO/AK8



TABLE 1-8

SUMMARY OF DECTECTED SEMI-VOLATILE COMPOUNDS
SURFICIAL SOIL

HIMCO DUMP RI/FS
1992

Compound

Naphthalene
2-Methylnaphthalene
Dimethylphathalene
1,4-Dichlorobenzene
Benzole Acid
Acenaphthene
Dibenzofuran
Fluorcne
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene
Pyrene
Butylbenzylpthalate
Benzo(a)anthracene
Chrysene
bis(2-EthylhexyI)phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(L23-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(&h,i)perylene
Carbazole

Total Carcinogenic PAHs
Total Non-carcinogenic PAHs

Background
(ng/kg)

ND
ND
ND
80

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
93

ND
ND
ND
ND
ND
ND
ND

ND
ND

Range of
Concentrations
Detected Above

Background (ng/kg)

18(J)
18(J)
18(J)

120(J) - 210(J)
75(J)

59(J) - 310(J)
23(J)

43(J) - 120(J)
42(J) - 1,500
82(J) - 240(J)
92(J) - 490(J)
17(J) - 2,800

34(J) - 2,000(J)
300(J)

25(J) - 1,300
37(J) - 1,600

18(J) - 7,800(J)
67(J) - 3,200
82(J) - L700
430(J) - 2^00
230(J) - 3,700
94{J) - 550(J)
250(J) - 3,500

36(J)

235(J) - 14,250(1)
230(J) - 8,340(J)

Qualiners

ND - Below detection limit
J - Indicates an estimated value

A/R/HIMCO/AK8



Surface Water and Sediment

Phase I data indicates minimal contamination in the surface water and sediment media. A
complete analysis of Phase n data has not been completed for surface water and sediment.
Therefore, this information is not included in this discussion.

Waste Mass Gas

VOCs were detected in all 14 waste mass gas samples collected from the landfill area.
However, the concentration of total VOCs was less than 1 part per billion (ppb) in 12 of
the 14 samples. VOCs at the other two locations totaled 9.8 ppb and 12.2 ppb.

1.2.4 Baseline Risk Assessment

The baseline risk assessment is an analysis of the potential adverse health effects (both
current and future) resulting from exposures to contaminants at the site. By definition, a
baseline risk assessment is limited to conditions under the no-action alternative, that is, in
the absence of remedial actions. In general, the results of the baseline risk assessment are
used to:

• Document both the causes and magnitude of the risk associated with the Himco
Dump site.

• Assist in determining if remedial actions are necessary to mitigate unacceptable
health risks.

A draft baseline risk assessment for the Himco site was completed based on the Phase I
data as part of the RI (Life Systems, 1991). This draft baseline risk assessment is now
being revised to incorporate RI Phase n data. The following section presents the results of
the Phase I data baseline risk assessment.

1.2.4.1

Table 1-9 presents the 73 chemicals of potential concern in soil or groundwater at the site,
established during the Phase I baseline risk assessment. Chemicals were eliminated from
consideration in the baseline risk assessment if they were not detected or if they were
beneficial human nutrients and occurred at levels that did not exceed the beneficial level.
Of these 73 chemicals, 27 chemicals (identified by an asterisk [*] in Table 1-9) were
retained for evaluation in the risk characterization calculations.



TABLE 1-9

CHEMICALS OF POTENTIAL CONCERN

HIMCO DUMP SUPERFUND SITE
ELKHART, INDIANA

INORGANICS

Aluminum
Antimony*
Arsenic*
Barium*
Beryllium*
Cadmium*
Chromium*
Cobalt
Iron
Lead
Maopnese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc
Cyanide

ORGANICS.

VOLATILES
1,1-Dichloroetbane
1,1-Dichloroethene*
1,1,1-Trichloroethane
1,2-Dichloroethene
2-Butanone
2-Hexanone
4-methyl-2-pentanone
Acetone
Benzene*
Bromodichloreomethane *
Carbon disulfide
Chlorobenzene
Chloroethane
Chloroform
Ethytbenzene
Methylene chloride*
Styrene
Tetrachloroethene
Toulene
Trichloroethene
Xytenes

SEMTVOLATILES

1,4-Dicfalorobenzene *
Aceaaphttheae*
Anthracene*
Benzo(a)anthracene*
Beazo(a)pyrene*
Benzo(b)fluonnthene *
Benzo(k)fluoranthene *
Bearo^litOperylene*
Beazoic Acid
bit^EtnylaexyOphthalate*
Butylbenzyiphthalate
Caryteae*
Dibeaz(aJ))anthracene*
Diethytphthalate
Dimethytphthalite
Di-a-butylphthalate
Di-n-ortylphthalate
Fluorantbene*
Pluorene*
Indeno (103<d)pyrene*
Pbeaaathrene*
Pyrene*

PESTICIDES/PCB's
4,4'-DDT
Arodar-1248

NON-CLP CHEMICALS:
Bromide, dissolved
Chloride
Nitrogen, ammonia
Nitrogen, nitrate A nitrite*
Phosphorus
Sulfate

TTCc
l,l,2-Trifluoro-l,2r2-trifluoroethane
Phenobarbital

• Chemical contributing to ricks greater than IE-06 for carcinogens or HI > 1.0 for aon-carcinogens to curreat or hypothetical future
populations.

R/HIMCO/A09



12.4.2 Potentially Exposed Human Populations

An analysis of exposure pathways along with probable human activity patterns, current and
future land uses, and site contamination was completed to determine complete exposure
pathways and select exposure scenarios for quantification.

Current Populations

The current populations most likely to be exposed are:

• Residents south of the site
• Recreational dirt-bike riders
• Recreational visitors (waders, fisherman)

Future Populations

Hypothetical future use of the site could include agricultural use or commercial/residential
development. The hypothetical future populations most likely to be exposed are:

• Residents on the waste mass
• Residents immediately adjacent to the waste mass
• Occupational workers on-site
• Agricultural workers on-site
• Downwind off-site residents

1.2.4.3 Exposure Scenarios

The exposure scenarios that were quantified in the baseline risk assessment are hsted in
Table 1-10. This table also includes the future on-site resident on the landfill exposure
scenario which will be quantified as a part of the Phase n baseline risk assessment. Other
exposure pathways may exist at this site, but they were judged to be relatively minor when
compared to the pathways presented in Table 1-10.

1.2.4.4 Risk Summary

Cancer Risks

The risk of cancer from an exposure to a chemical is described in terms of the probability
that an individual exposed for a lifetime will develop cancer. Cancer risk greater than one
in a million (IE-06) may be a cause for concern.



TABLE 1-10
SUMMARY OF EXPOSURE PATHWAYS SELECTED FOR QUANTIFICATION

LAND USE

POTENTIALLY
EXPOSURE
POPULATION

EXPOSURE
POINT

EXPOSURE
MEDIUM

EXPOSURE
ROUTE

Current Residents (child and Each existing
and adult) immediately residence
south of the site

Groundwater Ingestion
Inhalation-VOCs
Dermal

Dirt-bike rider Site Soil

Air

Ingestion
Dermal contact
Inhalation

- Particulates
-VOCs

Wader Surface water
on-site

Surface water

Sediment

Ingestion
Dermal contact
Ingestion
Dermal contact

Residents (child and
adult) northeast of
site

Closest downwind
resident northeast
of site

Air Inhalation
- Particulates
-VOCs

Hypothetical Residents on Waste Mass Residence on waste Soil
Future (child and adult) Mass

Groundwater

Ingestion
Dermal contact
Ingestion
Inhalation-VOCs
Dermal

f
i.

R/H1MCO/APO

Residents (child and Residence south of Soil
adult) immediately south the waste mass
of the waste mass. Groundwater

Occupational Workers

Agricultural Workers

Residents (child and
adult) northeast of
site

Plant or office
facility on-site

Site

Soil

Groundwater

Soil

Air

Groundwater

Closest downwind Air
residence northeast
of site

Ingestion
Dermal contact
Ingestion

Ingestion
Dermal contact
Ingestion

Ingestion
Dermal contact
Inhalation

- Particulates
-VOCs

Ingestion

Inhalation
- Particulates
-VOCs



Because of the relatively high concentrations of contaminants in the leachate, it is clear
that risk for a future resident with a house on the waste mass is not acceptable. Based on
Phase I residential well data, the total estimated cancer risk for current resident
populations adjacent to the waste mass utilizing groundwater ranges from 4E-05 to 2E-04.
Chemical contributing to this risk include arsenic, beryllium, benzene, 1,1-dichloroethene,
bis(2-ethylhexyl)phthalate and methylene chloride. However, the Phase I residential well
data driving these risks have been judged to be non-usable for risk assessment purposes
due to the questionable integrity of these two wells (these wells were out of operation
before being sampled). The cancer risk for current populations utilizing groundwater is
being recalculated using data from monitoring wells E2 and M2 and will be included in the
final baseline risk assessment. It is expected that this cancer risk will be at least as great, if
not greater, than the cancer risk range calculated using the residential well (e.g., RW-02
and RW-05) data. The reason for this can be seen in Table 1-11 which compares arsenic
concentrations for the two residential wells, RW-02 and RW-05, with the two monitoring
wells, E2 and M2. From this table it can be seen that arsenic, which is a major contributor
to the cancer risk, is at higher concentration in wells E2 and M2 than in RW-02 and RW-
05.

Estimated cancer risks for other current populations range from 2E-08 (wader) to IE-05
(downwind adult resident). Estimated cancer risks for future populations are highest for
on-site resident adults (2E-03) (calculated from data from shallow wells E2 and M2). The
majority of this risk is from the groundwater ingestion pathway.(Life Systems, 1991)

Non-cancer Risks

The potential for noncarcinogenic effects is evaluated on a Hazard Index (HI) approach
which compares the intake over a specific exposure period to a reference dose derived for
the same period. An HI greater than 1.0 indicates the possibility that adverse effects may
occur. No His for current populations were found to exceed 1.0. The only HI that exceeds
1.0 for hypothetical future populations is one that involves the use of groundwater.
Antimony, arsenic and nitrate/nitrite are the chemicals posing this risk.

1.3 Site Remediation Approach

Because many CERCLA municipal landfill sites share similar characteristics, they lend
themselves to remediation by similar technologies. U.S. EPA has established a number of
expectations as to the types of remedial alternatives that should be developed during the
detailed analysis (U.S. EPA, 1991). This eliminates the need to conduct the initial
screening of alternatives based on technical feasibility which is suggested under U.S. EPA's

10



TABLE 1-11

COMPARISON OF WELLS RW-02, RW-05, E2 AND M2

Himco Dump Superfund Site
Elkhart, Indiana

WELL ARSENIC fug/L)

RW-02 2.7
RW-05 ND
E2 54.5
M2 ND

ND - Not Detected

R/H1MCO/AF2



guidance (U.S. EPA, 1988) for a typical FS. Alternatives proposed in this technical
memorandum will be screened for effectiveness, implementability and cost. The following
sections discuss the strategy for the site remediation.

U.I Groundwater

The results of the RI show that the landfill leachate is contaminated by VOCs, semi-VOCs,
and inorganics. The RI results also show that the impact to groundwater outside the waste
mass is currently limited to a few contaminants at low concentrations. However, the results
of the Phase II baseline risk assessment is not available at this time to verify that
groundwater outside the waste poses unacceptable risks. Additionally, because there is no
liner or natural barrier to impede leachate migration to groundwater, the aquifer
downgradient of the site may beunacceptably impacted in the future.

The FS will evaluate capping which might be sufficient to minimize leachate generation
and therefore, reduce impacts to downgradient groundwater. To deal with the potential for
current unacceptable risks or future releases in the event that capping does not fully
mitigate leachate migration to groundwater, the FS will include an evaluation of
groundwater remedies. The FS will also specify the conditions that would trigger the
implementation of a groundwater remedy. We anticipate that one groundwater alternative
will be selected and combined with the preferred remedy for the landfill content at the site
for inclusion in the Record of Decision (ROD).

The FS will not develop groundwater cleanup objectives at this time. Instead, the ROD
will state that a groundwater risk assessment will be conducted periodically (perhaps 5 year
intervals) in the future. If the results indicate unacceptable risk, specific cleanup objectives
will be determined prior to implementation of the groundwater remedy.

\J>2 Hot Spot

One area of high contamination was identified in the landfill area (test pit TL5). U.S. EPA
is considering an emergency removal action for this area. If this area is not remediated by
U.S. EPA, SEC Donohue will include remediation of this area in the FS. Under this
condition, the cleanup objectives for this hot spot will be based on the potential for
groundwater contamination by residuals from the hot spot area. The residual threat by
direct contact will be eliminated by capping following removal and treatment of the hot
spot material. The hot spot material will be subject to land disposal restrictions and will
probably be incinerated because of the high concentration of what appears to be organic
solvent.

11



133 Site Soils and Waste

Capping the landfill and area south of the landfill will be considered for a detailed
evaluation in the FS. Because capping in combination with institutional controls will
eliminate the exposures to contaminated soils and wastes, the risk will be effectively
eliminated. Therefore, no cleanup objectives will be developed for soils and wastes
remediation.

12
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2.0 IDENTIFICATION OF REMEDIAL TECHNOLOGIES

2.1 Introduction

In this section, remedial technologies and process options are identified and screened
based on site-specific information. This process involves five steps:

• Develop remedial action objectives (RAOs) in accordance with U.S. EPA's
expectations as to the types of remedial alternatives that should be developed for
detailed analyses of municipal landfills as they are listed in the National
Contingency Plan (40 CFR 300.430 (a)(l)).

• Develop general response actions (GRAs) for each medium of interest which
could be taken to satisfy the site-specific RAOs.

• Identify volumes and areas of contamination for which GRAs may be required.

• Identify technologies and process options applicable to each GRA from the list
of technologies most implemented at municipal landfills (U.S. EPA, 1991).

• Further screen the technologies and process options based on effectiveness,
implementability, and cost to select a representative process option, where
appropriate.

Technologies retained after the screening process are assembled into alternatives in
Section 3.0.

22 Remedial Action Objectives

Remedial action objectives (RAOs) are site-specific remedial goals for protecting human
health and the environment. RAOs for this site are developed in terms of eliminating
exposure pathways. The RAOs may also be based on Federal and State ARARs. A list of
Federal and State ARARs for the Himco site is presented in Section 4.0 of this
memorandum. RAOs will not be developed in terms of reducing contaminant levels, since
no chemical specific cleanup goals are being developed for the contents of the landfill or
the groundwater at this site (refer to Section 13).

13



Based on the above discussion, RAOs identified for the Himco site include:

• Prevent direct contact with landfill contents.

• Reduce contaminant leaching to groundwater so that risk from groundwater use
will not exceed IE-04 or a ffl of 1.0.

• Control surface water runoff and erosion to maintain cap integrity, to prevent
direct contact, and to eliminate migration of contaminants to surface water and
wetlands.

• Remediate the hot spot to reduce the potential of future groundwater
contamination and direct contact

• Collect and treat contaminated groundwater, leachate, or both if current
conditions or future monitoring indicates groundwater risks cannot be controlled
by source control (capping and hot spot removal).

• Control and treat landfill gas to reduce gas pressures. This will prevent damage
to a cap and off-site migration of the landfill gases.

2J Identification of Areas and Volumes of the Impacted Media

The area! extent of the landfill was determined using a combination of geophysical survey,
analysis of test pits and soil borings, and examination of the site aerial photos (refer to
Section 1.23.2). Based on this investigation, the landfill boundaries were determined and
are presented in Figure 1-1.

Leachate was encountered in nearly all test pits excavated at this site. Precipitation is the
primary source of the leachate. The leachate volume may be estimated based on water
balances using climatic (annual precipitation, evaporation) and surface drainage data.
However, recognizing that most alternatives will include some form of cap, the volume of
leachate will be estimated for the various cap types considered in the detailed evaluation.
The HELP model will be used to estimate leachate volumes corresponding to each cap
type. Refer to Attachments B and C for discussions regarding leachate volume.

As a result of the decomposition of wastes in the landfill, gas in generated. Gas generation
rate is a function of landfill composition, age of material in the landfill, oxygen
concentration, moisture content, and available nutrients. According to published

14



information, the total production of landfill gas from a typical municipal refuses varies
from less than 1 scf/lb to 7 scf/lb, (Wilkey, etal., 1982). Landfill gas typically contains
approximately 50% methane.

Hydrogen sulfide (^2$) was encountered in all test pits. However, methane was not
detected in these test pits. Because household wastes are present in the landfill, lack of
detection of methane in the test pits is an anomaly. However, because construction
demolition debris and industrial waste are also present in the landfill, gas generation rate is
expected to be less than that of a typical household/municipal waste landfill.

2.4 Identification of General Response Actions

General Response Actions (GRAs) are defined as actions which will satisfy RAOs and
which characterize the range of remedial responses appropriate to various media at a site
(U.S. EPA, 1988). These may include institutional controls, containment, extraction,
excavation, treatment (in-situ or above-ground), and disposal. Like RAOs, GRAs are
medium-specific. Ultimately, combinations of GRAs will be incorporated as composite
alternatives for detailed evaluation in the FS.

A list of preliminary remedial technologies for the Himco site is presented hi Figure 2-1.

2.4.1 No Action

The No Action response action means that no site work other than periodic monitoring
would be performed at the site. This response action is required for evaluation as
designated by the National Contingency Plan (NCP).

2.42 Institutional Controls

The Institutional Controls response action consists of legal restrictions on future use of the
site (e.g., deed restrictions); physical restrictions (e.g., fencing) to prevent or reduce
exposure to on-site contamination; and long-term site monitoring.

2.43 Landfill Closure

In the case of the Himco site, the SEC Donohue FS team defines "Landfill Closure" as a
response action consisting of one or more of the following technologies: capping, leachate
collection and treatment, and gas collection and treatment
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2.4.3.1 Capping

At the Himco site, this technology would consist of constructing a cap over the main landfill
area at a minimum. The area to be potentially capped is presented in Attachment A. The
cap could be extended into two areas of concern at the site, the hot spot and the area of
the site south of the landfill which is characterized by non-native soil and construction
debris. Refer to Attachment A for calculation of the are to be capped.

Capping technologies are designed to reduce surface water infiltration, to control emissions
of gas and odors, to reduce erosion, and to improve aesthetics. They also provide a stable
outside surface that prevents direct contact with wastes.

The FS will evaluate the following different types of capping technologies typically used at
municipal landfills: (1) native soil cover capping; (2) single barrier (e.g., clay) capping; and
(3) composite barrier (e.g., clay plus flexible membrane liner) capping.

2.4.3.2 Leachate Collection. Treatment and Disposal

During test pit activities at the Himco site, large quantities of leachate filled each of the
test pits excavated in the main landfill area, and several of the trenches excavated south of
the main landfill area. Leachate at the site is generated primarily due to rainfall
infiltration. Groundwater migration through the waste and natural biodegradation of the
waste contributes to the generation of leachate at the site also. The leachate at the site has
been found to contain VOCs, semi-VOCs pesticides, and metals.

The function of a leachate collection system at the Himco site would be to minimise or
eliminate the migration of leachate from the landfill area to groundwater or to nearby
surface water systems. A discussion of leachate collection specific to the Himco site is
presented in Attachment C.

Based on the chemical characteristics of the leachate, it is anticipated that the leachate will
need to be treated either on or off-site. The technologies to be evaluated for leachate
treatment are air-stripping for VOCs, carbon adsorption for semi-VOCs, and precipitation
for inorganics.

Air Stripping

Air stripping is a mass transfer process in which VOCs are transferred from the aqueous to
the vapor phase. Depending on the solubility and volatility of the contaminants, air
strippers are capable of removing greater than 95 percent of the VOCs present in the
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influent to the unit process. Specific removal rates include the physical characteristics of
contaminants, temperature, air-to-water ratio, and the physical characteristics of the air
stripping equipment. For the Himco Dump Superfund site, due to the flow rate desired
and VOCs present, a packed column or tower using counter-current flow of air and water is
assumed. This configuration allows for high air-to-water contact time, required to achieve
high removal efficiencies.

Air stripping should be effective for removing the VOCs present in the Himco leachate.
Therefore, air stripping is retained for further evaluation.

Carbon Adsorption

The basic principle of operation for carbon adsorption is the mass transfer and adsorption
of a molecule from a liquid or gas onto a solid surface. Activated carbon is manufactured
in such a way as to produce extremely porous carbon particles whose internal surface area
is very large (500 to 1,400 square meters per gram of carbon). This porous structure
attracts and holds (adsorbs) organic molecules as well as certain metal and inorganic
molecules.

Adsorption occurs because (1) the contamination has a low solubility in the waste, (2) the
contaminant has a greater affinity for the carbon that for the water, or (3) a combination of
the two. The amount of contaminants that can be absorbed by activated carbon ranges
from 0.10 to 0.15 gram per gram of carbon (U.S. EPA, 1990).

Chemical Precipitarion/pH Adjustment

Chemical precipitation is applicable for removing inorganic contaminants from leachate
and groundwater. Precipitation is a process by which the chemical equilibrium of a waste
stream is altered to reduce the solubility of heavy metals. The metals precipitate out as a
solid material and are taken out of the solution by solids removal processes. Metals
precipitation is not one unit operation, but a combination of coagulation, flocculation,
sedimentation, and filtration processes.

The solubility of most heavy metals is reduced by raising the pH of a wastewater from 8 to
12. Some arsenic species are anionic and may not be removed by precipitation. However,
these species may adsorb to the solids produced in the precipitation process.

Adjustment of pH alone, however, is usually insufficient for removal of the insoluble metal
hydroxide solids. Coagulants, such as iron salts, alum, and polymers, must be added to
neutralize charges and to cause the formation of metal precipitates. Chemical coagulants
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are added in a rapid mix tank and are followed by gentle mixing or "flocculation," which
causes interlattice bridging and formation of floes which settle rapidly. The settled solids
can then be removed by a clarifier, a filter, or both.

Four options for disposal of treated leachate will be evaluated by the FS team for the
Himco site. The four disposal options are discharge to Publicly Owned Treatment Works
(POTW), National Pollutant Discharge Elimination System (NPDES) permitted discharge,
infiltration, and injection.

Discharge to the POTW would consist of discharging treated leachate to the City of
Elkhart wastewater system. A NPDES discharge is typically for discharges to surface water
bodies. The feasibility of discharging treated site leachate to Christiana Creek, the
St. Joseph River, or one of the three on-site ponds will be evaluated. Infiltration would
consist of spray applicating the treated leachate over the ground surface at some point on
or off site. Injection would consist of injecting the treated leachate to the aquifer system
through injection wells.

2.4.3.3 Gas Collection and Treatment

The Himco site produces landfill gas (LFG) naturally due to the decomposition of organic
material in the dump. The EPA guidance document states that LFG collection should be
evaluated during the FS if the following situations exist at the site: (1) homes and buildings
are within 1,000 feet of the landfill; (2) the final land use of the landfill involves use by the
public; and (3) the landfill produces excessive odors (EPA, 1991). Situation 1 is definitely
applicable to the Himco site. It can be argued that Situation 2 is applicable because the
site is used for hunting, dirt bike riding, hiking, etc. It can also be argued that Situation 3 is
applicable because nearby residents complained to the SEC Donohue RI field team about
the "terrible" odors coming from the landfill, especially during the summer months. For
these reasons, gas collection and treatment will be retained for detailed analysis. Both
passive and active gas collection systems will be evaluated and are preliminarily discussed
in Attachment D.

Passive LFG control systems alter subsurface gas flow paths without using mechanical
components. The passive systems to be evaluated are pipe vents and trench vents. Pipe
vents are used to vent LFG at points where it is collecting and building up pressure. They
are often used with flares that burn the LFG at the point of release. Trench vents usually
consist of gravel trenches surrounding the waste site. They form a path of least resistance
through which gases migrate upward to the atmosphere.
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Active LFG control systems use mechanical means to alter pressure gradients and redirect
subsurface gas flows. The most logical active system to be evaluated is gas extraction wells
equipped with gas collection headers and vacuum blowers or compressors. Gas extraction
well systems typically consist of a series of extraction wells spaced throughout the landfill
Vacuum blowers are used to extract the gas from the wells and push the collected LFG to
treatment or release point.

The technologies to be evaluated for LFG treatment are thermal treatment and direct
release to the atmosphere. Thermal treatment of collected LFG is accomplished by
flaring. Flaring systems typically consist of mixing LFG with an auxiliary fuel and feeding
the mixture through a vertical, open ended pipe. Pilot burners next to the end of the pipe
ignite the mixture. As the name suggests, direct release of LFG to the atmosphere consists
of collecting and releasing LFG directly to the atmosphere without thermal treatment
This technology may be applicable at Himco if a cap is constructed over the dump.

2.4.4 Groundwater Collection, Treatment and Disposal

Collection and treatment of groundwater is a common component of the overall
remediation of municipal landfill sites. The three groundwater control measures evaluated
for the Himco site include: plume interception and treatment, water table drawdown, and
an interceptor trenches. These measures are described below.

The plume interception alternative involves intercepting the plume down gradient of the
site by means of a line of shallow extraction wells and treatment of the groundwater by
air stripping, carbon adsorption, and metal precipitation (refer to Attachments F and J for
site-specific discussion of plume interception).

The groundwater table drawdown alternative involves pumping groundwater from the deep
portion of the aquifers to effectively drawdown groundwater to below the base of the
wastes in the landfill. For this alternative, extraction wells screened in the the deep portion
of the aquifer, will be installed within the landfill area. The extracted groundwater will be
discharged to the St. Joseph River without treatment (refer to Attachments G and H for
site-specific discussions of this alternative).

The interceptor trench alternative involves intercepting groundwater by means of
interceptor trenches upgradient of the site. This measure will result in groundwater
drawdown to below the base of landfill waste. The extracted groundwater will be
discharged to the St. Joseph River without treatment (refer to Attachments E and I for
site-specific discussions of this alternative).
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2.5 Screening of Technologies

The technologies identified in the previous section are screened based on effectiveness,
implementability, and cost.

Effectiveness of each technology is established by three criteria: the potential short-term
and long-term effectiveness of the process options in controlling the contamination, the
potential impacts to human health and the environment, and how proven and reliable the
process is for remediating with regard to the matrix, contaminants, and the conditions at
the Himco site.

Implementability of each technology is a measure of both the technical and administrative
feasibility of constructing, operating, and maintaining a remedial action. Technical
feasibility refers to the ability to construct, reliably operate, and meet technology-related
requirements. Administrative feasibility refers to the availability of facilities, equipment,
and personnel pertaining to a specific technology, and the ability to obtain the proper
agency approval for the remedial action alternative.

Costs are developed by estimating the relative capital expenditures necessary to implement
an alternative. These costs are based on vendor quotes, generic unit costs, and prior
similar cost estimates.

Figure 2-2 presents the screening process for the identified process options.
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3.0 DEVELOPMENT OF ALTERNATIVES

3.1 Introduction

In this Section, technologies and related process options which emerge from the
identification and screening of technologies in Section 2.0 are combined into alternatives
for the total site. The alternatives developed will eventually be evaluated in detail as part
oftheFS.

Because many municipal landfill sites share similar characteristics, they lend themselves to
remediation by similar technologies. To take advantage of this aspect of landfills, the
U.S. EPA has developed some' tools and methodologies to streamline the RI/FS process
for these sites. U.S. EPA has established a number of expectations related to remedial
alternatives and listed them in the National Contingency Plan (NCP). These include:

• The principal threats posed by a site will be treated wherever practical, such as
in the case of remediation of a hot spot area.

• Engineering controls such as containment will be used for waste that poses a
relatively low long-term threat or where treatment is impractical.

• A combination of methods will be used as appropriate to achieve protection of
human health and the environment. An example of combined methods for
municipal landfill sites would be containment (capping) of the landfill contents
with institutional controls.

• Institutional controls, such as deed restrictions, will be used to supplement
engineering controls, as appropriate, to prevent exposure to hazardous wastes.

• Innovative technologies will be considered when such technologies offer the
potential for superior treatment performance or lower costs for performance
similar to that of demonstrated technologies.

• Groundwater will be returned to beneficial uses whenever practical, within a
reasonable time, given the particular circumstances of the site.
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32 Development of Alternatives

In formulating site encompassing alternatives, an iterative process is used which
systematically pairs applicable technologies to the defined waste matrices. Specific to the
Himco site, matrices requiring analysis include groundwater, leachate, the contents of the
landfill and landfill gas. Pollutants of concern include VOCs, semi-VOCs, and metals. To
the extent possible, alternatives are developed to present an array of conventional and
innovative treatment technologies, risk levels, and cleanup costs.

Section 2.0 of this report includes a discussion on the process for establishing RAOs. The
alternatives formulated in this section are purposely developed to be flexible to
accommodate a range of options from the least stringent to the most stringent treatment
options.

It should be recognized that the groundwater, leachate, contents of the landfill, and landfill
gas treatment operations discussed in Section 2.0 are separate processes, yet they are very
interdependent. For instance, although source control alternatives are discernible activities
unique from groundwater remediation, the extent of source control activities may have a
direct impact on the need for groundwater treatment or on the duration and extent of
groundwater treatment. Therefore, in developing total site alternatives, arrays of unit
technologies for the contents of the landfill, leachate, landfill gas and groundwater matrices
are prepared so that they can be matched to develop site alternatives to attain the desired
preliminary remedial goals.

The development of site-wide alternatives is in part based on the following:

• The no action alternative is included as part of the detailed alternatives
evaluation in the FS to provide a baseline against which other alternatives may
be compared.

• Institutional controls are included within remedial alternatives in order to
prevent exposure to hazardous wastes.

• Results of the RI show that the leachate in the landfill proper is contaminated by
VOCs, semi-VOCs and metals. However, the impacts to the groundwater
downgradient of the landfill is minimal and groundwater is currently
contaminated with relatively low levels of inorganic compounds (e.g., arsenic at
54.5 ug/1 in well E2). Results from the combined Phase I and Phase II data
baseline risk assessment is not available at this time to determine whether there
is a need to implement a groundwater remediation alternative. It is possible
that the RAOs may be met by eliminating exposure routes, without inclusion of a
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322 Alternative 2 - Containment by Means of a Clay Cap, Passive Gas Collection,
Groundwater Monitoring and Institutional Controls

Alternatives for the Landfill Contents

This alternative includes containment of the landfill by means of a clay cap, collection of
landfill gas via a passive gas piping network, and monitoring and institutional controls
including controls in the form of deed restrictions, fencing and use of the groundwater. If
the results from the combined Phase I and Phase n sampling program and baseline risk
assessment indicate that the groundwater is posing unacceptable risks (accumulated excess
cancer risk greater than IE-04 or hazard index of greater than 1), then one of the two
groundwater remedial controls recommended in Section 2.0 will be implemented.
Similarly, if subsequent groundwater monitoring identifies the migration of contaminants
to the groundwater, and that one of the following criteria applies:

• The accumulated excess cancer risks due to exposures to groundwater down
gradient of the site exceeds IE-04;

• The accumulated excess non-carcinogenic risk due to exposures to groundwater
down gradient of the site exceeds a HI of 1; or

• MCLs are exceeded;

then, groundwater remedial controls may be instituted. The FS will identify the wells to be
included for groundwater monitoring and will present a statistical mechanism to determine
whether the criteria described above are exceeded and a groundwater control measure is
needed.

The cap would include a six-inch vegetated soil layer underlain by two-foot low
permeability (permeability of less than IE-07 cm/sec) clay cover. A passive landfill gas
collection system would be included as part of the cap. The gas well nests will be equipped
with a flare system to treat the gases. Leachate from the landfill is assumed to not be a
concern due to the implementation of the clay cap which will drastically reduce the
amount of infiltration to the landfill, and thus minimize the generation of any leachate.
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groundwater remediation alternative. However, as a contingent measure, system
alternatives formulated on the following pages have been considered to include
provisions for groundwater remedial control measures to ensure the protection
of human health and the environment. The selected groundwater remedial
alternatives include options for mitigating potential future contaminated
groundwater transport away from the landfill area and preventing contact
between the groundwater and the waste within the landfill.

• Contaminated leachate from the landfill is best addressed via collection in
leachate wells. Options for treating the contaminated leachate include transport *
to an off-site POTW or TSDF, and construction of an on-site treatment system.
The selection of which treatment option to incorporate will be dependent upon
the volume of leachate requiring treatment

• One area of high organic contamination within the contents of the landfill was
identified as part of the RI. U.S. EPA is considering remediation of this area as
part of an emergency response action. No additional hot spots or areas of
significant contamination have been identified or defined to require treatment.
Therefore, no provisions are included within a number of the alternatives for
contaminated soils or waste in the unsaturated zone of the landfill.

• The heterogeneous nature of the Himco site precludes the use of ISVE, in-situ :

biological treatment, stabilization or thermal treatment processes for addressing
the contents of the landfill. Preference is given to containment options such as
capping that will reduce the "diffuse" contribution of contaminants from the ^
municipal waste.

•d
A total of four alternatives, including no action, evolved for remediating the landfill
contents, and two alternatives evolved for groundwater control measures from the
development of alternatives.

32.1 Alternative 1 - No Action

As noted above, the no-action alternative is required as part of the NCP and provides a
baseline against which other alternatives can be compared.
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3.23 Alternative 3 • Containment by Means of a Clay Cap, Passive Gas Collection,
Leachate Collection and On-Site Treatment, Groundwater Monitoring and
Institutional Controls

Alternative 3 is similar to Alternative 2 as it includes similar elements for remediating the
landfill contents and provisions to implement the groundwater remediation controls.
Alternative 3 also includes collection and treatment of the contaminated leachate in an
on-site treatment plant or a discharge to public owned treatment works (POTW) or to an
off-site treatment, storage and disposal facility (TSDF).

Leachate from the landfill would be collected via a series of shallow perimeter wells.
On-site treatment of the leachate is assumed to include air stripping in conjunction with
vapor phase granular activated carbon for treatment of the off-gas for the VOCs present,
aqueous carbon adsorption for removal of the Semi-VOCs present and chemical
precipitation for control of the metals.

32.4 Alternative 4 • Containment by Means of a Multi-Layer RCRA Cap, Active
Landfill Gas Collection and On-site Treatment, Leachate Collection and On-Site
Treatment, Groundwater Monitoring and Institutional Controls

Alternative 4 is similar to Alternative 3 except a multi-barrier (RCRA-type) cap would be
constructed instead of a clay cap and the landfill gas collection system would be equipped
with blowers in lieu of a passive collection system. The provisions for implementing
groundwater alternatives is similar to Alternatives 2 and 3.

This alternative is the most extensive remedial action being considered. First, the
multi-barrier cap is more protective in controlling water migration through the landfill area
and at preventing the diffuse dispersion of landfill gases. Second, the active landfill gas
collection system will accelerate the removal of gas from the landfill and provide a defined
means for collecting and controlling the gas. Third, the landfill leachate will be collected
via leachate wells and treated on-site or discharged to POTW or an off-site TSDF (similar
to Alternative 3). Fourth, the groundwater monitoring and remedial action contingency
plan will be similar as that presented in Alternatives 2 and 3. A RCRA cap would include
a 24-inch soil cap, 12-inch sand drainage layer, flexible membrane layers and 12-inch cover
soil.

Groundwater Alternatives

The provisions to implement a groundwater control measure were presented in
Section 3.2.2. Based on the screening of technologies in Section 2.0 of this memorandum,
the following groundwater remediation alternatives will be considered for a detailed
evaluation in the FS.
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Alternative 1 - Plume Interception and Groundwater Treatment

Alternative 1 includes installation of the plume interceptor wells downgradient of the site
and groundwater remediation via air stripping, carbon adsorption and metal precipitation.
This alternative may be coupled with any of the soil alternatives in order to meet the
site-wide preliminary remediation goals. However, this alternative is most viable for
Alternative 2 of the landfill content in which no leachate collection measure is considered.

The groundwater Alternative 1 may be implemented at a portion of the landfill down
gradient side (one-third or two-thirds), depending on the nature of the contaminant
releases from the landfill.

Alternative 2 - Groundwater Drawdown. No Treatment.

Alternative 2 includes groundwater extraction wells to drawdown the water table in the
landfill to eliminate mixing between the groundwater and landfill contents. This
alternative is most effective with the landfill contents alternatives, which include a leachate
collection system. Additionally, this alternative is effective if evaluation of the monitoring
data suggests that groundwater mixing with the wastes at the landfill is the primary
mechanism for contaminants release from the landfill.

26



4.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARs)

ARARs are any local, state, and federal promulgated standards or regulations that pertain
to contaminants, actions, and locations. A preliminary summary of potential ARARs for
the Himco site is presented in Table 4-1. This summary of potential ARARs is presented
in this memorandum to allow U.S. EPA and IDEM personnel to comment on and to
modify the ARARs.
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ATEACHMENTA

AREA OF THE CAP



TECHNICAL MEMORANDUM - Area of the Cap

DATE: March 31,1991

TO: Mehdi Geraminegad

FROM: Karen Roberts

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Surface Area to be Capped as Part of Remedial Action

The purpose of this memorandum is to summarize the calculations used to estimate surface
area to be capped as a part of the potential remedial action for this site and to provide a
description of the methods used to estimate this area.

The extent of the landfill was determined by use of geophysical testing, test pits, and aerial
photographs. The cap will cover the extent of the landfill as well as a parcel of land
southeast of the site. The additional parcel is bordered on the south by County Road 10,
on the east by Nappanee Road Extension, and on the west by residential property.

A Himco Dump site map with existing 500 x 500 foot grid was used to estimate the area to
be capped.

The following area to be capped was determined from the map:

(9.75 grid blocks) x (250,00 square feet) = 2,437,500 square feet

R/HIMCO/AO4
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ATTACHMENT B

INFILTRATION/MIXING RATIO



TECHNICAL MEMORANDUM - Infiltration/Mixing Ratio

DATE: March 31,1991

TO: Himco File

FROM: Mehdi Geraminegad

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Evaluate Effectiveness of Capping

Capping would prevent direct contact with contaminated wastes at the site and would
reduce infiltration to groundwater and thereby reduce adverse impacts to the aquifer. The
effectiveness of the cap to minimize impacts on groundwater is evaluated by estimating a
mixing ratio which is dependent on the infiltration rate and groundwater flow rate
underneath the landfill (see Eq. 1 in the attachment). The mixing ratio was calculated for
three cases: no cap, non-RCRA cap, and RCRA cap. A higher mixing ratio means a less
effective cap and a lower mixing ratio means a more effective cap. The infiltration rate will
be estimated using the HELP model which has a built-in routine for climatic information
and for simulating infiltration rates for various cap and surface drainage conditions. The
calculations for mixing ratios will be presented in the FS report

Page 2
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ATTACHMENT C

LEACHATE COLLECTION SYSTEM



TECHNICAL MEMORANDUM - Leachate Collection System

DATE:

TO:

March 27, 1992

Himco File

FROM: Mehdi Geraminegad

SUBJECT: EPA ARCS V
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Leachate Collection Systems

Eliminating leachate infiltration to groundwater was considered or response actions to
mitigate groundwater contamination at this site. Because the bottom of the waste in the
Himco site is in direct contact with the site groundwater, a leachate collection system was
considered to cover the entire area of the landfill. The attached calculation sheets present
assumptions and analytical procedures to estimate the optimal leachate well spacing.
Based on this calculation, the optimal spacing between leachate wells was calculated to be
200 feet and the total required number of leachate wells were estimated to be 60 wells.
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ATTACHMENT D

GASCOLLECnONSWIfiM



TECHNICAL MEMORANDUM - Gas Collection System

DATE: March 3 1,1992

TO: Mehdi Geraminegad

FROM: Walter Tremel

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Gas Collection System

Passive Gas Collection and Flare

This option provides for the passive collection and removal of the gases generated in the
landfill. The system includes an array of gas wells spaced approximately one gas extraction
well for every 1.6 acre (approximate 260 ft x 260 ft) of cap area. The gas wells are
connected to a header which in turn is connected to an array of VPAC and flare units.

Equipment required:

32 gas extraction wells.

10,000 ft. 3 inch schedule 40 PVC pipe and fittings

10,000 ft. long, six foot deep trench with pipe supports/protection

8 VPAC units

8 Flame units

Active Gas Collection

This option provides for a vacuum induced collection to removal the gases generated in the
landfill. The system includes an array of gas extraction wells approximately spaced one
well per 1.6 acre of cap area (approximate 260 ft x 260 ft). The extraction wells are
connected to a header, which is connected to a blower which induces a sh'ght vacuum on
the extraction wells, and a flare stack where the organic contaminants are destroyed by
thermal destruction.
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1
Equipment required:

32 Gas extraction wells.

10,000 ft., 3 inch sch 40 PVC pipe and fittings

10,000 ft. 4 inch sch 40 PVC pipe and fittings

10,000 ft. 6 inch sch 40 PVC pipe and fittings

10,000 ft. Six. foot deep trench with pipe supports/protection

One Vacuum/blower 1,000 scftn capacity

One Natural gas fired flare stack

One Size 2 - 480/3-phase VAC motor starter/breaker unit with NEMA 4 enclosures
*

500 ft 1§ conduit with 3 -10 AWG wires and 3 -14 AWG wires

1,000 ft. 2 inch Natural Gas supply line with meter and pressure controls.
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TECHNICAL MEMORANDUM - Interceptor Trench

DATE: March 27,1991

TO: Himco File

FROM: Mehdi Geraminegad

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Volume Estimate of Groundwater to be
Intercepted Using Interceptor Trenches

Eliminating groundwater contact with the waste in the Himco Dump area was considered
as a response action to mitigate groundwater contamination at this site. Interceptor
trenches are considered a process option to draw water table down 1 to 2 feet below the
anticipated bottom of wastes in the landfill. This corresponds to an approximate water
table elevation of 753.00, a water table draw down of 1 to 2.5 feet in the landfill area. For
this purpose, interceptor trenches are considered along the east, north, and south
boundaries of the Himco Dump (See Figure in the attachment).

The table in the attachment provides length of each trench sector, water table drawdown,
and estimated flow from each trench sector. Flow in each sector has been estimated using
the flow equation (Eq. 3) to a slot from one side source (Refer to the reference). Based
on this calculation, the total flow which requires pumping and discharge to St. Joseph River
is estimated at 2120 gpm.
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ATTACHMENT F

FUME INTERCEPTION .,

- - • .



TECHNICAL MEMORANDUM - Plume Interception

DATE: March 30, 1992

TO: Mehdi Geraminegad

FROM: Steve Padovani

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Review of Groundwater Model for Interceptor Well
in the Contaminant Plume at the Himco Dump Site

Introduction

This memorandum presents the methodology and results of the numerical procedure used
to simulate the groundwater table for the plume interception alternative which is
considered for a detailed evaluation in the FS. The plume interception alternative was
considered to migrate any potential off-site migration of the contaminants through the
shallow part of the aquifer. The numerical simulation was performed to develop the well
setting which would effectively capture contaminants potentially migrating off-site.

Assumptions and Methods of Calculation

After a series of trial and error calculations, a cluster of well spacing at 230 feet was
selected and the drawdown associated with various pumping rates were simulated using the
"Pumping Test Design Model" program (Walton, 1988). Based on this simulation 35 gpm
was found to be the optimal pumping rate from each extraction well (see attached figure).
Drawdown quantities were first calculated for the fully penetrating model using the Walton
program. Drawdown values versus distance from the fully penetrating model were then
used to run the Walton program for a partially penetrating model. The partial penetration
values are attached and the associated groundwater elevation contours are plotted on the
attached figure.

The following assumptions were made for the fully and partially penetrating models:

• pumping wells fully penetrate the aquifer (fully penetrating model only);
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pumping wells are screened from the water table to ten feet below the water
table (partially penetrating model only);
well storage capacity is deemed negligible;
the aquifer is assumed to be homogeneous, isotropic, infinite in areal extent, and
constant in thickness throughout;
the outwash sands comprise the primary aquifer beneath the site;
there are no boundaries or discontinuities;
horizontal and vertical hydraulic conductivities are the same; and
the aquifer is unconfined, therefore, the top of the aquifer equals the initial
water level depth.

The following aquifer parameters .were assumed for the fully penetrating model based on
the results of the remedial investigation:

Aquifer Horizontal Hydraulic Conductivity (gpd/sq.ft.) 466.2
Aquifer Vertical Hydraulic Conductivity (gpd/sq.ft.) 466.2
Aquifer Thickness (ft.) 200
Artesian Aquifer Storativity 5.0x10-7
Water Table Storativity (dimensionless) 0.16
Extraction Well Effective Radius (ft.) 033
Top of Aquifer Depth (ft.) 9.0
Base of Aquifer Depth (ft.) 200
Initial Water Level Depth (ft.) 9.0
Production Well Discharge Rate (gpm) 35
Time after pumping started (min) (steady state) 12,000

The following aquifer parameters were assumed for the partially penetrating model based
on the results of the remedial investigations:

Production Well Discharge Rate (gpm) 35
Aquifer Storativity 0.16
Time after pumping started (min) 12,000
Drawdown with full penetration (ft.) See Attachment
(value from fully penetrating model based

on distance from discharge well)
Aquifer Horizontal Hydraulic Conductivity

(gpd/sq.ft.) 466.2
Aquifer Vertical Hydraulic Conductivity

(gpd/sq.ft.) 466.2
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Radial Distance to Well (ft.) See Attachment
(value associated with drawdown
from fully penetrating model)

Aquifer Thickness (ft.) 200
Distance from aquifer top to bottom of production well (ft.) 19
Distance from aquifer top to production well screen top (ft.) 9
Distance from aquifer top to bottom of observation well (ft.) 19
Distance from aquifer top to top of observation well screen (ft.) 9

The values from aquifer top and base depth, thickness, and initial water level depth were
determined from borehole and monitoring well water levels along the southern end of the
landfill as listed in the RI report; The top of the aquifer (or initial water level depth) was
determined by averaging the depth from ground surface to the water table in monitoring
wells on and surrounding the site. Aquifer thickness was determined by subtracting the
initial water level depth from the most common aquifer depth. Aquifer depths ranged
from approximately 200 feet to 480 feet below ground surface. However, aquifer depths
exceeding 200 feet appeared to be primarily along the western end of the site.

Drawdown values were subtracted from natural groundwater level elevations on-site to
produce new water table elevation contours.

Results

The attachment provides the computer simulation print out for the above simulation. The
attached figure presents the simulated groundwater contours resulting from the steady state
pumping of nine wells at 35 gpm.

The extraction system appears to effectively intercept groundwater along the southern
boundary of the landfill. The top portion of the groundwater aquifer is successfully
captured according to this model.

Conclusions

A pumping rate of 35 gpm would effectively alter the natural groundwater flow direction in
order to capture any contaminants in the groundwater with little affect on the surrounding
area.
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DATA BASE:

AQUIFER HORIZ. HTOR. CONO. IfiPO/SQ Ru 466.20
AQUIFER VERT. HtuR. iUNu. (dPD/Sil fli= «66.2uo
AQUIFER THICKNESS (FT): 200.00
ARTESIAN AUOIFER STORATIViTt iDInc 5.«oooO-o7
MATER TABLE STORATIVITV (DIK): 0.1600
PRODUCT. HELL EFFECTIVE RhUlUS (FT): 0.330
TOP OF AQUIFER DEPTH <fT): 9.00
IASE OF AQUIFER DEPTH (FT): 200.oO
INITIAL HATER LEVEL DEPTH (FT): 9.00
INFINITE AQUIFER StSTEfl

COMPUTATION RESULTS:

PRODUCTION HELL DISCHARGE RATE (b

TIflE-ORANOONN OR MATER LEVEL VALUES (FT)

TlftEiXINi O.iJ

SELECTED DISTANCES ( F T )

52.30 131.38 330.00 826.92 2082.16

0.10
0.16 *
0.26 <
0.41 <
0.66
1.04
1.65
2.61
4.14
6.56

10.39
16.47
26.10
41.36
65.55

103.90 <
164.66 <
260.97 <
413.62 <
6SS.S4 <

1038.95 <
1646.63 <
2609.74 <
4136.15 <
655S.36 ^

10389.54 i
1200U.OO ^

>.5l
>.S7
1.61
>.63
.64
.65
.66
.66
.67
.67
.68
.68
.68
.69
.69

1.69
1.70
>.70
>.70
1.70
).71
K71
>.72
>.73
1.74
>.75
(.75

9.13
9.15
9.17
9.18
9.19
9.19
9.20
9.21
.21
.22
.22
.22
.23

9.23
9.23
9.24
9.24
9.24
9.24
9.25
9.25
9.26
9.26
9.27
9.28
9.29
9.iO

9.06
9.08
9.09
9.10
9.11
9.11
9.12
9.12
9.13
9.13
9.14
9.14
9.14
9.15
9.15
9.15
9.16
9.16
9.16
9.16
9.17
9.17
9.18
9.19
9.20
9.21
9.21

9.U2
9.02
9.03
9.03
9.04

9.04
9.05
9.05
9.05
9.06
9.U6
9.U6
9.07
9.07
9.07
9.07
9.U8
9.08
9.06
9.09
9.U9
9.09
9.10
9.11
9.12
9.13
9.13

9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.01
9.01
9.01
9.01
9.01
9.01
9.01
9.01
9.02
9.02
9.02
9.02
9.02
9.02
9.03
9.03
9.03
9.U4

9.05
9.06

v.ou
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.oo
9.00
9.00
9.00
9.oO
9.00
9.00
9.00
9.uv
9.00
9.UO
9.00
9.00
9.01
9.01

TIME AFTEK PlfflPlNti STARTEUffl iKi: l2oOo.OO



Oft MTEft UVEL VflLUES fll tHD OF PUflHlNb

MODE
NO
2
3
4
5
6
7
8
9
10
11
12
13
14
IS
16
17
18
19
20
21

ftAOIOSiFTl DftANDOHH OR Hft

0.33 9.75 *~
0.52 9.71
O.bi 9.6?
1.31 : 9.6.5
2.08 9.59
3.30 9.55
S.23 9.50
8.29 9.46
13.14 9.42
20.82 9.38 —
33.00 9.34
52.30 ' 9.30 -~
12.89 9.25
131.38 9.21
208.22 9.17
330.00 9.13
S23.01 9.09
828.92 9.06
1313.75 9.03
2082.16 9.01

1
1



Uftffl BASE:

PROMOTION HELL DISCHARGE RATE ibPfll: J5.00'
AOUIFER STORATIVITT (blH): l.ftOuOE-Ol
TIHE AFTER PWlPINfi STARTED (fllNi:l2000.00
MMOOM MITK FULL PENETKATIuN (FT/: 0.75
ACUIFER MORIZ. HYDR. CONDUCTIVITT fiPb/SO FTi: 4.6620E+02
AQUIFER VERT. NrDR. CONbuCTIVITt IVCb/Su FTc 4.662ut*«2
M01AL DISTAMCE TO HELL (FT): 3.3000E-01
AOuIFER THICKNESS (FT): 2.0000E+02
OIST. FROfl AQUIFER TOP TO SOTTOfl OF PRDO. HELL iH): i.9000Etul
OIST. FROfl AOUIFER TOP TO PROb. HELL SCREEN TOP (FT) ^.OOOuttuu
IIST. FRO* AOUIFEfl TOP TO BOTTOM OF DBS. NELL (FT): l.WOOEtOj /'
OIST. FROn AOUIFER TOP TO TOP OF OBS. HELL SCREEftlFTi: V.uuO«t*00

COflPUTATION RESULTS:
i

HELL FUNCTION: 1.1511E*02
MAHbOHN DUE TO PART. PENETR. InPftCTS (FT): 4.95
MAHbOtfN HITH PART. PENETR. I FT): 5.70

DATA |AS>T

JCTION HELL DISCHARGE RATE (GPn): 35.00
ER sluKftTIVITT (Dine i.bOOuE-01

/HE AFTER POflPlMfi STARTED l(llKl:i2000.0u
OAAnbOHN KITH FULL PENETRATION (FT): o.?i
AOUIFER HORIZ. HVDR. CONbUCTIVITT 6PD/SQ Flu 4.6620E>02
AOUIFER VERT. HtDR. CONbUCTIVITT iGPb/Su FT): 4.&620E»02
RAblAL DISTANCE TO HELL (FTI: 7.1000E-U1
ROUifER THICKNESS (FT): 2.0000E*02
DIST. FROM AOUIFER TOP TO BOTTOn OF PROb. HtLL (FT): S.2UUUE-01
DIST. FROM AOUIFER TOP TO PROb. H£LL SCREEN TOP i F T i MOout+ui
OIST. FROn AOUIFER TOP TO BOTTOn OF OBS. HELL (FT): 9.000GE+00
DIST. FROn AOUIFER TOP TO TOP OF OBS. HELL SCREEN(FT): l.<*0uvt*0l

COnPUTATION RESULTS:

HELL FUNCTION: 6.0b7«E+Ol \ .
DRANbOHN bUE TO PART. PENETR. InPACTS IF\y/2.62

KITH PART. PENETR. iFTc



1
:,:•,. 1

BASE:

PRODUCTION NELL DISCHARGE RATE IGPni: 35.00
AQUIFER STORATIvm (bin): 1.6000E-01
TInE AFTER PWlPlNfi STARTED (MINU12000.00
ONMOCHtN KITH FULL PENEIRATION (FT): 0.67
MUIFCR HORIZ. «H>fi. CONDUCTIVITY 6PO/SO FT): 4.6620E««2
AOUIFER VERT. HTOR. CONDUCTIVITY (6PU/SO FTc 4.6t>20E+u2
RADIAL DISTANCE TO MELL (FT): 8.JOOOE-01
MUIFER TNICKNESS (FT): 2.000GE+02
(1ST. FROfl AQUIFER TOP TO BOTTGfl OF PROD. NELL (FT): l
DIST. FROn AQUIFER TOP TO PROD. HELL SCREEN TOP (FT I
DIST. FROfl AOUIFER TOP TO BOTTOM OF OfiS. NELl (FT): l.
DISK FRGfl flOUIFEK IOP TO IOP OF Ubi. MELL SCREEN'. FT i:

COMPUTATION RESULTS:

NELL FUNCTION: 8.«U16E+01
MANDOMN DUE TO PART. PENETR. IHPACTS (FTI: j.6i

KITH PAKT. PENETR. (FT): 4.28

DATA BASE:

PROMOTION HELL DISCHARGE RATE (GPn): 35.00
MUIFER STORATIVlTt (Din): 1.6000E-01
TInE AFTER PUflPING STARTED (MN):120uO.OO
MADOOMN KITH FULL PENETRATION i f rc o.6j
MUIFER HORIZ. HYDR. CONDUCTIVITY liPD/SO flu 4.6&20EI02
AQUIFER VERT. NTlifc. CONUUCTIVlTY lbPD/SO FT): 4.6620E*02
KAOIAL DISTANCE TO HELL (FT): l.J100[*uO
AuuIFEk iMltMltii iFTi: 2.uOOOE*u2
DISI. FROU AUUIFER TOP TO BOTTOn OF PROD. NELL (FTi:
t)Iif. FROn AUUIFER TOP TO PROb. HELL Sutt* TOP i F I i
DIST. FROfl AQUIFER TOP TO BOTTOn OF OBS. HELL (FT): 1.90COE+01
DIST. FROn A6UIFER TOP TO TOP OF OBS. MELL SCREENlFTi: *.OOOOEtOo

COflPUTATION RESULTS:

HELL FUNCUON: 6.<mdEtoi
DRAHDOHN DUE TO PART. PENET*. IHPACTS (FT): 2.97
DRAMUOHN WITH PAKT. PtNtlK. (F(i: i.6U



DATA 8ASE:

PRODUCTION HELL DISCHARGE RATE ifiPn): iS.OU
AQUIFER STORflTIvIIi (Dine l.bOOut-ol
TInE AFTER WJnPINb STARTED IHIN|:12000.00
MAHOGHN KITH FULL PENETRATION IFTI: o.S9
MUIFER HORIZ. HTOR. CONDUCTIVITV 6PO/SO FT): 4.6o20£t02
Ml/IFEft VERT. HTW. CONOUCUVlTr (iPO/SQ FTc 4.6620E«02
RADIAL DISTANCE TO HELL (FT): 2.0800E+00
MtUIFER ThlUNESS (FT): 2.0000E+02
DIST. FROfl AOUIFER TOP TO BOTTOn OF PROD. HELL <FT): 1.9000Et01
DbT. FROfl AuUIFER TOP TO PROD. HELL &REEN TOP iFTi 9.vuOOttuo
DIST. FROn AQUIFER TOP TO SOTTOft OF OBS. HELL IFTu l.SOOOE^Ol
DIST. FROfl AUUIFER TOP TO TOP UF OBS. HELL SuEENiFTc V.00u0t*00

COMPUTATION RESULTS:

HELL FUNCTION: S.4735E*01
DRAHDOHN DUE TO PART. PENETR. IMPACTS (FT): 2.35
DRAHDONN HITH PART. PENLTR. (FT): 2.̂ 4

DATA BASE:
PRODUCTION HELL DISCHARGE RATE <GPn): iS.OO
MlUlFER STOKflTIVlTr (Din): l.tOUCE-ul
TInE AFTER PUflPINfi STARTED (HINi:12000.00
DRANOOHN HITH FULL PENETRATION (FT): O.SS
MUIFER HORIZ. HYDR. CONDUCTIVITT bPD/Su FTi: 4.6&20E*02
A6UIFER VERT. HTDR. CONDUCTlVITr ibPli/Su FT): 4.662u£*02
RADIAL DISTANCE TO HELL (FT): 3.JOOOE+GO
AQUIFER THICKNESS (FT): 2.000GEtGl

FkOfl AuUIFER_TOP ru^HQITun uF PRJb MtiL i F f i : !>;«<;tt'Jl
DTStTTRoiTAgul7lR""T'orto''PROOTTirLi. iCfcttw I'iĴ  Tf i"i ITccbĉ
DIST. FROfl AQUIFER TOP TO HOTIOA OF 08S. HELL (FT): 1.9000U01
DIST. FRufl AQUIFER TUP TO TOP Uf 06s. HELL JtREtKiFTi:

COMPUTATION RESULTS:

HELL FUNCTION: 4.1S68E+01
DRAHDOHN DUE TO PART. PENETR. IHPACTS (FT): l.Ti

«ITH PAR!. PtNETK. i f F i : 2.i4



1
DATABASE: ~?

/PRODUCTION NELL DISCHARGE RATE IbPfli: 35.00
NAOuIFER sTUKATIVilt iDIfli: l.&ooui-ul "?

ih* AFTER PUflPlNb STARTED (MINI: 12000.00
DRmrWWH WITH FULL PENETRATION (FT ) : 0.23
AQUIFER NORIZ. NtOfi. CONOUCTIVW fiPD/SO FTi: 4.6i20Et02
AQUIFER VERT. HKDR. CONDUCTIVITT I6PD/SO FT) : 4.66M+02
M01AL DISTANCE TO NELL (FT): 5.23ovE»00
AQUIFER TH1UNESS (FT): 2.WHlO£t02
DIST, FROfl AQUIFER TOP TO BOTTOM OF PRuD. NELL (FT): 1.9000Et01
DIST. FROfl AuUIFER TOP TO PROD. NtLL SCREEN FOP ( F T i 4.wvuE*vu
DIST. FROM AQUIFER TOP TO BOTTOfl OF OBS. NELL (FT): 1.9000E+01 ;

DIST. FRun AQUIFER TOP TO TUH Of 06S. NELL SCftEtNtFTi:

COMPUTATION RESULTS:

HELL FUNCTION:
MANOONN DUE TO PART. PENETR. IMPACTS (FT):

N1TH PART. PENETH. |FT>: 1.53

DATA BASE:

PRODUCTION NELL DISCHARGE RATE (GPK): 35.00
AQUIFER STORATIVITT (Din): 1.6000E-U1
TIHE AFTER PUnPING STARTED (HIN):l2000.00
MAMDOMN NITH FULL PENE1RATION (Fli: O.SO
AQUIFER HORIZ. HWR. CONOUCTIVITr GPD/SO FT): 4.i620E*02
AQUIFER VERT. HtDR. CONDuCTIvITi ifaPO/bii Fli: 4.6&2ot+02
RADIAL DISTANCE TO NELL (FT): 5.2300EtOO
MVlilK THICKNESS If If: 2.UOVU£to2
DIST. FROH AQUIFER TOP TO BOTTOfl OF PROD. NELL (FT): 1.9000E+01
DIST. FROfl AUUIFER TOP TO PROD. NELL SCREEN TOP (FIl 9.0uOuE«OU
DIST. FROH AQUIFER TOP TO BOTTOfl OF OBS. NELL (FT): MOOOE*01
DIST. FROfl AQUIFER TOP TO TOP OF OfcS. HELL SCREEN!FTc *.uuuG[«00

COMPUTATION RESULTS:

HELL FUNCTiUN: i.UlS5E»ul
DRAHDONN DUE TO PART. PENETR. IflPflCTS (FT): 1.30
DRANDONN KITH PART. PENE1R. (FT): i.8u



DATA BASE:

PRODUCTION HELL OISCHARbt RATE ifiPfli: 35. OU
AfcUlFEK iTUKATIVUr lOIni: 1.6UU0E-U1
TIKE AFTER PUnPlNti STARTED (HIH i:12000.00
W«NDO*N NHH FULL PENETRHTION iFTi: 0.46
MOIFER HORIZ. HtDR. CONDUCTIVITY fiPO/Sfl FTI: 4.6620E*02
MUIFER VERT. HTDR. CONOUCTIVITI (SPO/Su FT): 4.6620E+02
MU1AL DISTANCE (0 NELL (FT): 8.290ottOO
MUIFER fHICHNESS (FT): 2.0000E+02
DI5T. FROM AdUIFER TOP TO BOTTOfl OF PROD. UELL (FTi: 1.9000E«Ul
DISI. FROn AOUIFEft TOP TO PROD. NEU SuEtN 10P i f l l '/.wuuttyu
0IST. FROH MUIFER TOP TO BOTTOn Of 06S. NELL (FTi: 1.9000E*01
OIST. FROn AOUIFER TOP TO TOP OF OBS. NELL SCREEHlFT): 9.6000E+00''

COflPUTATlON RESULTS:

FUNCTION: 2.iom+oi
DRANDONN DUE TO PART. PENETR. IhPACTS (FT): 0.90
DKAMDONN NITH PART. PENETR. tFTc i.j6

DATA BASE:
PRODUCTION NELL DISCHARGE RATE («Pfl): 35.00
MUIFER STORATIVITT iDIfli: 1.600u[-ul
TInE AFTER PUHPIN6 STARTED ihlN):12UVU.Oo
DRANDONN KITH FULL PENETRATION lFT|: 0.42
MUIFER HORIZ. HrDR. CONDUCTIVITT SPO/S6 FT): 4.6620Et02
MUIFER VERT. HUM. UINOUCTIVITT i6PU/SU FTi: 4.6«>20E<02
RADIAL DISTANCE TO NELL (FTi: 1.J140E+U1
MUIFER THICKNESS (FT): 2.000uE+U2
DIST. FROn ROUIFER TOP TO BGTTOn OF PROD. NELL uT»: 1.9uOOEtOl
DIST. FROn AOUIFER TOP TO PROU. NELL SlkEtH TOP (FT) 9.0uOuE*uO

FRON AOUIFER TOP TO BOTTOR OF OBS. NELL (FT): MOOOE'Ol
DIST. FROn AOUIFER TOP TO TOP OF G6S. NEll SCRttNiFTi: 9.0uuOEn>0

CfihPUTATION RESULTS:

NELL FUNCTION: 1.41UE'Ol
DRANDONN DUE TO PART. PENETR. InPfltlS iFTc 0.61
DRANbONN NITH PART. PENETK. iFTu i.yi



DATA

PRODUCTION HELL DISCHAKbE KATE ifiPm: J5.1MJ
AUUlftK SFORftTIVI l l (bifli: 1.6UUUE-01
TInE AFTER PWIPIN6 STARTED <*1lNi:l20vO.OO
WMWHX MITH FULL PENETRATION (FT): O.J8
AQUIFER NORIZ. HTDR. CONDUCTIVITY fiPD/Su FT): 4.66M+02
AOUIFER VERT. Htt>R. CONDUCTlWt (kiPb/S& FTi: 4.<x>20E*02
RADIAL DISTANCE TO HELL (FT): 2.0820E*01
AQUIFER THICKNESS (FT): 2.WOuE*02
DIST. FROn AOUIFER TOP TO BOTTOri OF PROD. HELL (FTi:
DISI. FROfl A0U1FE* TOP TO PROb. HELL SCREEN TOP (Fli
DIST. FROM AQUIFER TOP TO BOTTOR OF OBS. HELL (FT): l
DIST. fROfl AQUIFER TOP TO TOP OF OBS. HELL SCxEENtFTu 9.0000tW;

CODPUTATION RESULTS:

HELL FUNCTION: 9.0660t»00
DRAHDOHN DUE TO PART. PENETfi. IHPACTS I FT): 0.39
OfcAHbOnN HITH PftkT. PtHEIK. (FT): 0.77

MTA 8ASE:

MODUCTION HELL DISCHAittE RATE (£PH): 35.
MUIFER STORATIVITr (bin): 1.600UE-01
TIHE A F T H HjnPim; SloKiti^ I^IH^UOW.UO

oN* <"r i T: 'a'^\
AOUIFER ttOOIZ. HtM. CONUUtHvlK vPb/Sti FTc
AQUIFER VENT. HTbX. COHuUtUvili HiHD/Su FT):
RADIAL DISTANCE TO NELL (FT): 3JOOOE+01
AQUIFER THICKNESS (FT): 2.6WUE+02
DIST. FROfl AOUIFER TOP TO BOTTOn OF PROD. HELL (FT): 1.9000E+01
DIST. FROh AOUh'EK TOP TO P«ul). HEu SlRtth IUH i F l i v.ouuut+uu
DIST. FROM AQUIFER TOP TO BOTTOH OF OBS. HELL (FT): 1.9000E+01
DIST. FROn AOUIFER TOP TO TOP OF OBS. HELL StREEmfTi: 9.0uuuE«vO

COflPUTATION RESULTS:

HELL FUNCTION: S.42d6k+UU
DRAtlDOHN DUE TO PART. PENETft. InPACTS (FT): 0.23
DRAMbGkN HITH PART. PENETK. (Fli: O.S7



DAIA

PRODUCTION MELL DISCHARGE RATE IGPni: J5.00
AVUIFEK STuKATlVlTt (Dim: 1.6UUOE-U1
Tint AFTER PUnPING STARTED inIH):120uO.OO
DMAHDOMN KITH FULL PENETRATION IFTJ: G.JO
AQUIFER HORIZ. HYOR. CONDUCTIVIH SPO/SQ FT): 4.6620E*02
AQUIFER VEKT. HrDR. CONDUCTIVITf (GPO/Su FT): 4.662ut*02
RADIAL DISTANCE TO HELL (FT): S.2300E+01
AQUIFER THICKNESS (FT): 2.U406E+02
DIST. fROfl AQUIFER TOP TO BOTTufl OF PROD. HELL (FTc l.9000E»Ol
D1ST. FkUfl AQUIFER TOP TU PKuu. HtiL StxttN luP (Hi V.wuubyu
DIST. FRO* AQUIFER TOP TO BOTTOn OF 08S. HELL 1FT): 1.9000Et01
DIST. FROM AQUIFER TOP TO TOP OF 065. HELL SCRElNiFTi: 9M)VUOE*uu'

COMPUTATION RESULTS:

HELL FUNCTION: 2.8746E+GU
DRAHDOHN DUE TO PART. PEHETR. IflPflCTS (FT|: 0.12
ONAHuOHN NITH PHRT. PENETK. (FT): 0.42

DATA BASE:

PRODUCTION HELL DISCHARGE RATE (GPnJ: 35.00
AQUIFER STORATIVITT (DIni: 1.6000E-U1
TINE AFTER PUnPlNG STARTED (M.1N):120CO.OO
DRAHDOHN KITH FULL PENETRATiUN (FT): 0.2S
AQUIFER NORIZ. HTDR. CONbUCTlVlTr bPD/Sii FT):
AQUIFER VERT. HlDK. CONDUCT WITi iGPO/bU FT):
RADIAL DISTANCE TO HELL (FT): 8.2890E+01
AQUIFER THICKNESS (FT): 2.0000Ê 02
OIST. FROn AuUIfER TOP TO 8QTTOR OF PROD. Kill (FT):
DIbT. FKUH MuuiFEK fuP )u PKUU. N£LL slKttN IuP i F T i
DIST. FROn AQUIFER TOP TO buTTOfl OF 06S. HELL (FT): l

FROn fluUIftk TOP TO TOP OF ufei. HEtL ickttHihfi: 9.ooOO£*uo

COMPUTATION RESULTS:

HELL FUNCTION: 1.2782L-+VU
DRANDOMN DUE TO PART. PENETR. IhPACTS |FT): O.OS
DRAHDONN NllH PARK PtHtlK. (Fli: O.iU



DATA BASE:

1
!

MLLL DlbCHMtiL HAlt IbHNi: ii.Ou ' 1
MUliER sTOkflTmii (Dim: i.&uuu£-ul "*
TlnE AFTER PUnPINfi STARTED inlK U120UO.OO
MAMDONN KITH FULL PENETRATION IFI): 0.21
MUIFER HORIZ. HTDR. CONDUCTIV1TT fiPO/Sfl fT): 4.6620E*02
AtiUlFER VERT. HTUR. CONOUCTIVITf thPU/5U FTi: 4.M.20E+02
MDIAL DISTANCE TO MELL (FT): l.3138E*02
AVU1FER THICtNESS (FTi: 2.6dOy£+02
OIST. FROfl AQUIFER TOP TO BOTTufl OF PROD. MELL (FT): 1.9000E+01
DIST. FftOfl AOUIFtR TOP Tu PROO. MEiL SCREEN TOP (Fli 'i.WMKW
DIST. FftOft AQUIFER TOP TO BOTTOn OF 08S. MELL (FT): l.WOOEtOl
DI&T. FROK AQUIFER TOP TO TOP OF 06s. MELL SfREEntFTl: 9.000uE*UU

' ' • : • • ' I
COHPUTAT10K RESULTS:

JELL FUNCTION: 4.S620E-01
MANDOMN DUE TO PART. PENETR. IflPACTS (FT): 0.02

MITH PART. PENETR. (FT): 0.23

DATA 8ASE:

MODUCTION MELL DISCHARGE RATE «iPm: 35.00
MUIFER sTORATivnr (Dine i.toooE-oi
TIHE AFTER PUflPING STARTED iRlNc 12000.00
DKAMDONN MITH FULL PENETRATION (FT): 0.17
MUIFER HORIZ. HtDR. CONDUCTIVITY 6Pb/SQ FT): 4.6620B02
AUUIFER VERT. HTDR. CONDUCTIVITY IbPD/iw Fli: 4.662v)Etu2
RADIAL DISTANCE TO MELl (FT): 2.0822W2
MUIFER THICKNESS I Fli: 2.0uOOEf02
DIST. FROM AQUIFER TOP TO BOTTOn OF PROD. MELL (FT): 1.9000Et01
UIST. FRun AQUIFEH TOP TO PROD. MELL ii.KEEN TOP i F T i <<.vu0u^0u
DIST. FROfl AQUIFER TUP TO BOTTOn Of OttS. HtLL (FT): 1.9oOuE+Ul
DIST. FRun AQUIFEK TuP TO TOP OF Obb. HELL ScREEniFTi:

COMPUTATION RESULTS:

MELL FUNCTION: 1.0241E-01
DKAMDOMN DUE TO PART. PENETR. IHPACTS <FTU o.oo

NiTH PHKT. PtxETR. iFTi: u.17



Oft IA BAiE:

UCTiON NELL DISCHARGE DATE (tiffl): j.00
SIORftTIvIIr itilni: u.wuOltuu

PWtPlNfc STATED (film: 0.00
ITrt FULL PENETRAIION (FT i : O.UO

MUIFER HORI2. HTOR. CONDUCTIVITV iPO/ili FT) : O.OOOOt+00
MJlfiR mi. HIM. COHWCTMTl (fiPi>/3« FT):
HAOIAL DISTANCE TO NELL (FT): 0.0000E+00
AOuIFER THIttNEbS (FT ) : 0.6060E+00
DIST. FROfl AOUIFER TOP TO ftOTTOfl OF POOD. NELL (FT ) :
OliF. FHUti AOUIFER TOP Til WOO. NELL StH£th TOP ifli u.OuuOEtuu
DIST. FftOfl AflUIFER TOP TO eOTTOfl OF 08S. NELL (FT):
DIST. FROfl AflUIFER TOP TO TOP OF MS. NELL SCREEHiH):

COflPUTATION RESULTS:

fOKLTIuic 1.7«i4Et38
DUE TO PART. PEHETR. InPACTS (FT):* 1.70

DRAnDONN KITH PHKT. PEHETR. (FTc; 1.70Ul2EiJe

BASE:

PRODUCTION NELL DISCHARGE RATE (6Pni: 35.00
AOUUER STORATivITT (Dim: l.6UoOL-01
TIflE AFTER PUnPINb STARTED (RlN):120uO.OO
DRANDONN KITH FULL PENETKATION I FT): 0.15
MUIFER mil. HTMt. CONDUCTIVITt 6PD/SU FT): 4.6620tt02
AQUIFER VERT. HrOR. CONDUCT1VITT mPD/Su FT): 4.6620t^u2
RADIAL DISTANCE TO NELL (FT): 3.3000E+02
AOU1FER THICKNESS iFTi: 2.0uOOEtu2
OlSf. fROn AQUIFER TOP TO BUTTON OF PROu. NELL (FD:
D1SI. FRUfl AOUIFER TOP TO HKOD. NELL SCREEN JUP mi
^DISI. FROR AOUIFER TOP TO BOTTOn OF 06S. NELL (FT): MOOOE+01
DISI. FROn AOUIfER TOP Til TOP OF Oft*. NEU SCftEENifTi

COnPUTATION RESULTS:

NELL FUNCTION: 1.1776E-02
DRANOONN DUE TO PART. PENETR. InPstlb I FT): 0.00

ollH P«HI. PENtiR. iFTi: y.li



I
DATA 8ASE:

PRODUCTION MEU DISCHARGE RATE (bPfl): 35.00
AOUIFER STORATIVITr lOIHi: l.tOuot-Ol
TInE AFTER PIMPING STARTED («IN):120«0.00
DRAMDOMN KITH FULL PENETKAliOH (FT): 0.09
MUIFER NORIZ. HtOR. CONDUCTIVITY 6PO/SO FT): 4.M.20E+02
AOUIFER VERT. NlDR. CUHOUUlVlIr I6PO/SQ FT): 4.M20tt02
MDIAL DISTANCE TO MELL (FT): 5.230lEt02
AOUIFER THICKNESS (FTi: 2.0000£t02
JIST. FROfl MUIFER TOP TO MTTOft OF PROD. HELL (FT): 1.9000ft01
OIsI. FROfl AUUIFER TOP FO PhOD. MEU SCREEN TOP (FTi 9.WUOt+uu
DIST. FROK MUIFER TOP TO 80TTOM OF 08S. MEU (FT): l.WOOEtOl
DIST. FftOtl MUIFER TOP TO TOP Of OfeS. MEU SCREEN(FTi: 9.dOOuEt.OO;

COAPUTATION RESULTS:

MELL FUNCTION: 4.4966E-04
DRAMOOMN DUE TO PART. PENETR. IMPACTS (FT): 0.00
WWW HITH PART. PENETR. (FTc O.Ov

MT« IASC:

MOMCTION NELL DISCHARGE RATE (GPfli: 35.00
MUIFER STORATIVITr (DlHi: l.bOOuE-ol
TIME AFTER WNPING STARTED (KIN): 12000.00
DMMMMN MITH FULL PENETRATION (FTi: u.Oe
MUIFER NORIZ. NfDR. CONDUCUVlTi GPO/SJ FT): 4.6620E*02
AOUIFER VERT. NTDR. CONDUCTIVITr (6PD/SU FTi: 4.6620tt02
RADIAL DISTANCE TO MELl (FT): 8.2892Et02
AOUIFER THICKNESS (FT): 2.0000E+02
DIST. FROM AOUIFER TOP TO SOTTOn OF PROD. NELL IFIi: 1.9000Et01
UIS1. FROM AOUIFEfi TOP 10 PKUU. MUL SCKttN 1G» (FT)
DIST. FROh MUIFER TOP TO BOTTOn OF 08S. MELL (FT): l
DIST. FROH AOUIFER TOP TO TOP OF 08S. HELL SCREEN)FT): 9.0000E+OU

COMPUTATION RESULTS:

MELL FUNCTION: 2.9237E-06
DRAMOOMN DUE TO PART. PENETR. InPACTS iFTi: 0.00

HlTH HftHI. PtNtTR. iFVl: 0.06



Dftift bflSt:

PRODUCTION NELL DISCHARGE RflTE IbPm: iS.OU
A&imEK sIORATIVHt (Dim: i.600oE-ul
Tint AFTER PUflPlNii STARTED inlN):12uuu.uu
OKAKbUKN MI1H HJLl HENttRflllUN ( F T i : U.UJ
AOUIFER HuHlZ. NtDK. CONuUCTIvITr bPO/SQ FT) : 4.6t20ttu2
AOUIFER VERT. NTlw. cONUUCTIVITt ibPU/S>0 Mi: 4.66^Ut+«2
ftADlAL DISTANCE TO HELL I FTi : l.JU8E«03
MU1FEO THIUHfsi fHi: 2.UuOOE«U2
DIST. FROM AOUIFER TOP TO BOTTOn OF PROD. NELL (FT) : MOOOEMJ1
DISI. FRon AUUIFER TOP TU PROD. NELL SUEEN TOP t f T ) «.ooooEt(io
6IST. FROfl AQUIFER TOP TO eOTTOfl OF O&S. NELL (FT): l.WOOE»01
lllil. FROfl AOUIFER TOP 1(1 TOP OF 06S. NtLL SlKUKlFT):

COflPUTATION RESULTS:

NELL FUNCTION: 1.U41E-09
WANOONN DUE TO PART. PENETR. IHPACTS (FT): 0.00.
DRANbONN NITH PART. PENETK. (FT): O.Oi

DATA BASE:

PRODUCTION NELL DISCHARGE RATE (GPHJ: 45.00
AOUIFER STOKAT1VITT (blHu 1.6000E-01
TIDE AFTER PWCIN6 STARTED (hlN 1=12000.00
DOAKDONN NITH FULL PENETRATION (FTU O.Oi
AOUIFER HORIZ. H10R. CONDUCTIVITT 6PD/SO FT): 4.6620Et02
AOUIFER VERT. HYDR. CONDUCTIVHT ibPO/SQ FT>: 4.w20ttu2
RACIAL DISTANCE TO NELL (FIi: 2.0822Ê u3
AOUIFEK THICKNESS U'Ti: 2.uuu^t»u2
DIST. FROH AOUIFER (OP TO bullurt OF PROD. NELL (Fli: 1.9U
("hi. FRun AgUlFEK TuP TO ̂ iil). NELt SCRltN TOP t.Mi
DIST. FROn AOUIFEf (OP TO BoTTOH Of 06S. NELL IFf): l.900«E»«l
Dlbl. FRun AOUUER (OP TU TOP Of 06S. NELL StREtH(fl): <f.0000EtOO

CimPUtAl ION RESULTS:

NELL FUNCTION: 5.20S4E-15
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TECHNICAL MEMORANDUM - Water Table Drawdown

DATE: March 30,1992

TO: Mehdi Geraminegad

FROM: Steve Padovani

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Review of Groundwater Model for a Water Table
Drawdown Well Svstem at the Himco Durno Site

Introduction

This memorandum presents the methodology and results of the numerical procedure used
to simulate the groundwater table beneath the Himco Dump site for the groundwater
drawdown alternative which is considered for a detailed evaluation in the FS. The
objective of this alternative is to ensure that the groundwater beneath the site would not be
in contact with the waste in the landfill. This response action would reduce the potential
for groundwater contamination. Under this alternative, non-contaminated water will be
extracted from the deep portion of the aquifer (150-200 feet) and will be discharged to
St. Joseph River.

The numerical simulation was performed to develop the well setting which would
effectively draw down the water table at least two feet under the entire landfill area.

ASSUMPTIONS AND METHODS OF CALCULATION

A cluster of six extraction wells evenly spaced within the landfill was selected and
drawdowns associated with various pumping rate were simulated using the "Pumping Test
Design Model" program (Walton, 1988). Based on this simulation, 200 gpm was found to
be the optimal pumping rate from each extraction well. The Walton program was first run
assuming a fully penetrating model. Drawdown values from the fully penetrating model
were then used to run the Walton program for a partially penetrating model. The
simulated drawdowns for partially penetrating wells are provided in the attachment and the
associated groundwater elevation contours are plotted in the attached figure.
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The following assumptions were made for the fully penetrating and partially penetrating
models:

• pumping wells fully penetrate the aquifer (fully penetrating model only);
• pumping wells are screened from 50 feet to 100 feet below the water table

(partially penetrating model only);
• well storage capacity is deemed negligible;
• the aquifer is assumed to be homogeneous, isotropic, infinite in area! extent, and

constant in thickness throughout;
• the outwash sands comprise the primary aquifer beneath the site;
• there are no boundaries or discontinuities;
• horizontal and vertical hydraulic conductivities are the same; and
• the aquifer is unconfined, therefore, the top of the aquifer equals the initial

water level depth.

The following aquifer parameters were assumed for the fully penetrating scenario based on
the results of the remedial investigations:

Aquifer Horizontal Hydraulic Conductivity (gpd/sq.ft) 466.2
Aquifer Vertical Hydraulic Conductivity (gpd/sq.ft.) 466.2
Aquifer Thickness (ft.) 200
Artesian Aquifer Storativity 5.0x10-7
Water Table Storativity (dimensionless) 0.16
Extraction Well Effective Radius (ft.) .. 0.33
Top of Aquifer Depth (ft) 9.0
Base of Aquifer Depth (ft.) 200
Initial Water Level Depth (ft.) 9.0
Production Well Discharge Rate (gpm) 200
Time after pumping started (min) (steady state) 30,000

The following aquifer parameters were assumed for the partial penetration scenario based
on the results of the remedial investigation:

Production Well Discharge Rate (gpm) 200
Aquifer Storativity 0.16

* Time after pumping started (min) 30,000
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Drawdown with full penetration (ft.) (value See Attachment
from fully penetrating model based on
distance from discharge well)

Aquifer Horizontal Hydraulic Conductivity
(gpd/sq.ft.) 466.2

Aquifer Vertical Hydraulic Conductivity
(gpd/sq.ft.) 466.2

Radial distance to well (ft.) (value See Attachment
associated with drawdown from fully
penetrating model)

Aquifer Thickness (ft.) 200
Distance from aquifer top to bottom of

production well (ft.) 100
Distance from aquifer top to production well

screen top (ft.) 50
Distance from aquifer top to bottom of

observation well (ft.) 100
Distance from aquifer top to top of observation

well screen (ft.) 50

The values from aquifer top and base depth, thickness, and initial water level depth were
determined from borehole and monitoring well water levels along the southern end of the
landfill as listed in the RI report. The top of the aquifer (or initial water level depth) was
determined by averaging the depth from ground surface to the water table in monitoring
wells on and surrounding the site. Aquifer thickness was determined by subtracting the
initial water level depth from the most common aquifer depth. Aquifer depths ranged
from approximately 200 feet to 480 feet below ground surface. However, aquifer depths
exceeding 200 feet appeared to be primarily along the western end of the site.

Results

The attachment provides the computer printout for the above simulation. The attached
figure presents simulated groundwater contours resulting from the steady state pumping of
six wells at 200 gpm.

This extraction system appears to effectively lower the water table approximately three feet
under the extent of the landfilled area.
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I
Conclusion

A pumping rate of 200 gpm effectively draws down the water table under the landfilled
area of the site far enough to ensure that the water table is not in contact with the waste in
the landfill.

Page 13



._ ii..- •"»• MTDI oomw t_ ,_--'"••-— tCTMOL MM m> rurwi cwni



8-

•2.
P. =1 — 0

a. o O•j> •a.— \o -o
. -8

3 ~ - ,: 8 ..

\L

S i5 Sj i =J £ .^ :" S
^ UJ <x ~J *** -VI _« '3

siss 1 1 5

--O '•*>

O => 3 O O O O O -=> O O O O O O O O ^> <=•



n"~tf~
LV'-

39-1-

SoA-
•UV

OO'A
fO'6
H'6
iZ'6
if*

9POT
OfOl
>9'01
88'0!
2P1T

sraf2?
OO'OOff

srrin
26-828
IOT2S
OO'Off
22'802
8fin
6878
Of 25

>rn
62'8
K'S
or?
80'2
in

02
f>\
81
LI
91
51
H
n
21
n
0!

€5%- sro
ON

jn if ^ >HIB» xn



TiflE AFTER PUdPlNG STARTED (HINuJOuw.OO
DHKkUONN MlTH FULL PENtlKflTlUN tfli: 4. Si
MUIFER HORIZ. HTDR. CONOuCTMTr tiPO/Sfl FT): 4.6620E+02
MtllFER VERT. NtOR. CUNOUcTIVIU_Ui«F75«. FTi: 4.o620tt«2
RACIAL DISTANCE TO NELL (FTi: (TiOOOE-OlN
MUIFER THICKNESS (FTu 2.«wOE>vi>_̂ -̂
6IST. FROM MUIFER TOP TO BOTTOfl OF PROO. NELL (FT): 1. 0000 E +02
OhT. FROti AflUIFEK TUP 10 PRUb. NELL SbREED TOP (Hi S.uOOuE+01
(1ST. FROM AQUIFER TOP TO BOTTOfl OF 06S. NELL (FT): i.OOOOE+02
OUT. FROfl AQUIFER TOP TO TOP OF (IBS. NELL SCREEmFT|: S.<M>uE*ul

COMPUTATION RESULTS: ;

NELL FUNCTION: 2.4764E+01
WANOONN DUE TO PART. PENETR. IMPACTS i FT >: i.09

KITH PART. PENETR.

DATA BASE:

PRODUCTION NELL DISCNAR6E RATE (6Pn): 200.00
AQUIFER STORATIVITT (Din): 1.6000E-01
TINE AFTER PtMPINfi STARTED (MIHUJWW
MANDONN NITM FULL PENETRATION IFTI:
MUIFER NORIZ. NTDR. CONDUCTIVE
MUIFER VERT. NtDR. CONDUCT I V LJlMrrtrrs&vT i : 4.6620E+02
RADIAL DISTANCE TO NELL
MUIFER IHICHNESS in\-
DISK FROfl AQUIFER TOP TO BOTTOfl OF PROD. NELL (FT): 1.0000Et02
DIST. FROfl AliUIFEft TOP TO PROO. MEll SCREt* TO*- i F T t S.OOOuE+01
DIST. FROO AQUIFER TOP TO BOTTOfl OF OBS. «£lL iFTi: 1.0000Et02
DIST. FROn AuUlFtR TOP TO TOP OF OBS. NELL SCREENiFTc S.OOOOE+01

COflPUTATION RESULTS:

HELL FUNCTION: 2.21V4E+01
ORANOONN DUE TO PART. PENETR.
bRANbONN HlTh PAkT. PENETR. (Flu



i

DATA BASE:

PRODUCTION H£U OISCHARbE RATE l.tJPfli': 200. oO
AtuuER sTOkftTlvIlt (Olfli: 1.6uvu[-«l
TInE AFTER PU«PIN« STARTED inlNj:JOOOO.OG
MAHOOHN KITH fuu PENETRATION ific «.u«
AQUIFER HORIZ. MtbR. CONDUCTIVITt tPO/SO FI): 4.6620E+02
AQUIFER VERT. NTbk. U*bUCTinj+-«lp73^JTi: 4.u2ut*02
IAOIAI DISTANCE TO HELL <Fl(f 8..5000E-01 )
A6UIFER TMICWESS (FT): 2.0W«l02___^/
(1ST. FIOH AWIFER TOP TO BOTTOfl OF PROO. MEU (FTU 1.0000t*02
III si. FftilH AOuIFER TOP TO PROb. HELL ScREtK TOP (Hi S.UOOuEtul
DIST. FRWl AQUIFER TOP TO BOTTOM OF OBS. HELL (FT;: KOOOOEu>2
61ST. FROfl AQUIFER TOP TO TOP OF OBS. HELL scRtEKiFTi:

COflPUTATION RESULTS:

HELL FUNCTIOM:
ORAHDOMN ME TO PART. mm. iHPACT£*Uj: 4 . 7 ?

U l l H PflKl. KKUK. i f l i : f b . U l

DATA BASE:

MOOUCTION HELL DISCHARGE RATE (6PH): 200.00
MUIFEfl STORATIVIIi IblMr- 1.6()0ut-u]
TIflE AFTER NftPlMQ STARTED lhlNi^OOOO.00
OftfirtGHN HITH FULL PEMETRATION (Fir- i.&O
AQUIFER HORIZ. HTbR. CONbUcTIVITt bPD/Su FT i : 4.6620£t02
AQUIFER VEKl. Hibk. COKbUCTIVlTt-U^tlT^Kni: 4.66&E+02
IAOIAL DISTANCE TO HELL (FÎ T.JlOOE+oO
AQUIFEK TMlClkNEsS (FT): 2.0oW»«i-— ̂
DISI. FROM AQUIFER TOP TO BOTTOfl Of PROb. HELL (FT): l.OOOOE+U?
DiST. FROn AOuIFEK TOP TO PKUb. htu stKtEn 10n i f l i b.vuuuttui
DIST. FROn AQUIFER TOP TO BOTTOfl OF ObS. HELL (FT): 1.0000E«02
OISI. FRufl mi fix TUP TO TOP OF 08 i. NELL SCKtEmFlM S.UUuuf+ul

COflPUTATION RESULTS:

Htll FUdCTIlrtC l.«7:)7E*01
ORflWOW OUf fO PAkT. PEMETk. IflPACj^mi: 4.12
bkfi<W)Nh «I1H



DATA BASE:

PRODUCTION HELL UiSCHSftljE KATE IbPnr- 20U.UO
A8U1FEK STOKflTlVlTt lUini: l.&UUUt-ul
TIRE AFTER PWiPlNti SIflkTtO <nlm:3000u 00
DKAMOO«N KITH FULL PENUKAlluN i F T i : 4.it,
AQUIFER HORIZ. Mr OK. CONDUCTIVITt 6PO/SG FT): 4.6620E+02
AQUIFER VERT. HtDR. CONDUCT 1î kJ*T3b/$nT): 4.662ut+02
IAOIAL DISTANCE TO HELL <FTU f.0800E»d̂
(WOIFER THICWESS (FT|: l.W£*tfT
DIST. FftM AQUIFER TOP TO BOTTOM OF PROb. MELL (FT): 1.0000Et02
DIST. FftOn AUUIFE« TOP TO PROD. H(LL SUttN TOP I FT I S.WOuftul
DISr. FRCW AQUIFER TOP TO BOTTOn OF ClbS. MELL Iff): 1.000cE»o2
DISK FkON AOOIFER TOP TO TOP OF Obi. DELL aREENiFTi: S.uuuuf+Ul

COHPUTATIOM RESULTS: '

NELL FUKCTIOH: 1.41l6[»Ul
MtADDOMN DUE TO PART. PENETft. I«P«CTŜ «|: i.47

hiTH PART. PEHETR. (FT):

DATA BASE:

MODUCTION HELL DISCHARGE RATE (tiPh): 200.00
MUIFER STORATIVITr (Dim: 1.6UOOE-01
TINE AFTER POflPlKb STARTED IhIN 1:30000. 00
DRMDOM KITH FULL PENETRATION iffi: 3.32
AQUIFER MORIZ. HlDft. CONDUCTiVITr «PD/SO FI): 4.6620t*o2
AOOIFER VERT. HtOR. CONDUCT I v I Lf-t*tf̂ ilN ̂T r- 4.6t20Eto2
RADIAL DISTANCE TO NELL (FTj:\J.3000E+0<y
AOUiFER THICKNESS (FT): 2.0yyOrHW—— •/
OIST. FROH AOUIFEK TOP TO BOTTOn OF PnuD. NELL (FTi: 1.0000Et02
DIST. FROn AOUlFtP TOP TO Pftub. MELL SCkEEn Tut i f T i S.uOOuEtul
DIST. FROfl AQUIFER TOP TO BOTTOn OF OBS. MELL (FT): l.OOOOE+02
HST. FROh AQUIFER TOP TO TOP UF Obi. MELL SCdEENiFTc S.OOOuttul

NELL FUNCTION: 1.1S42E*01
DRAnOOMN DUE TO PART. PENETK. IliPfiC^-^FTi: 2.84
DRAMllUHN KITH PART. PEHttk. i FT):



1
DATA BASE:

MOOUCTJO* HEU DIStHAKbE Mi
AUUifER ilUHflllVlIl ttllni: l.&OUUt-Ul
TInE AFTER PWlPINfi STARTED (NINi:JUUUO.OO
MAMOGNN NITH FULL PENETXATION (FT ) : j.08
AQUIFER HORIZ. HTOR. CONDUCTIVITY 6PD/SQ FT): 4.6620E»02
AQUIFER VERT. HtOR. CONDUCT IVI TV^WiiflFT|: 4.o«20Em
RADIAL DISTANCE TO NELL (FT)/S.2300EtOO)
AQUIFER THICKNESS <FTi: liMm*£L^'
»1ST. FROf) AQUIFER TOP TO BOTTOfl OF PROD. NELL (FT):
DIST. FROfl AQUIFER TOP TO PRuD. HELl SCREEN TOP ( F T I
OIST. FROM AQUIFER TOP TO BOTTON OF OBS. HELL (FT): hOOOOE+02
OIST. FROfl AQUIFER TOP TO TOP OF OBS. NELL SCREEKlFTi: $.W<X>£+01''

COMPUTATION RESULTS:

HELL FUNCTION: 9.0756E*00
NANDOUN DUE TO PART. PENETR. IhPflj/KKfT): 2.23
MAMNJHN NIIH PflAI. PEHtTH. i fTi :

DATA BASE:

PRODUCTION HELL DISCHARGE RATE (GPHj: 200.00
AQUIFER STORATIVITT (DIfli: 1.600UE-01
Ut(i AFTER PIMPING STARTED (rliNUJOoOO.OO
DRAHDOIIN KITH FULL PENETRATION ( F T ) : 2.fi4
AQUIFER HORIZ. HtOR. COKOUCTIVIU jJPO/Sil F T ) : 4.6<>20EH)2
AQUIFER VlKl. HtOR. CONDUCT I »iK."liPu7sT'Nki: 4.6b20t*Ut
RACiIAL DISTANCE TO NELL ((](- 8.2900EtOO
AQUIFER THICKNESS ( F T ) : 2.0uWt02
OIST. fRON AQUIFER TOP TO BOTKlinirPRuu. NELL (FT) : l.OOOOE+02
DIST. FROrt A6UIft*< TOP TO >«ill>. DELI SCREEN TOP If l/ b.WWi^l
DIST. fROft AQUIFER TOP TO BOTTOn OF OBS. NELL (FT): 1.0000Et02
DISI. FROfl AQUIFER TOP TO TOP OF Obi. NELL SCREENiFTi: 5.uoOOt+U

COMPUTATION RESULTS:

HELL FUNCTION: 6.7668£»00
ORANMNN DUE TO PART. PENETR. IflPAOrT): 1.66
DRANbONN NITH PAkT. PifltlK. (Hi:



DATA

PRODUCTION HELL DISCHARGE RATE ittPfli: 200.UO
AQUIFER STORATIylTi I Dim: l.bOOuE-ul
TlflE AFTER (HJtlPIMb STARTED («IH 1:30000.00
OftAMOGNN MITH FULL PENETRATION ( fT | : 2.60
AQUIFER HOOIZ. HYW). CONDUCTIVITY 6PD/SO FT): 4.4b20E*02
AQUIFER VERT. NrDR. CONDUCTIViTt^MrPWSfl FT): 4.4620Et()2
MOIAL DISTANCE TO MELL
AQUIFER TN1UNESS IFT): 2.00
OIST. FftOfl MUIFER TOP TO BOHOHMWfO. MELL (FT): 1.0«OOEt02
BIST. ffcOd WJuiFEA TOP TO PROD. HELL SCREEN TOP iFii 5.uOuuE«ul
6IST. «Urt WWIFEK W TO 60TTGM dF-«lS.-«Ll fFF): i.WW£+u2--
D1ST. FROM AQUIFER TOP TO TOP OF 08S. HELl StREEJtFlJ: 5.u0v0t*0l;

COftPVTATION RESULTS:

ELL FUKCTIOK: «.6932E+00 /—^
WE TO PART. PEHETR. iBPAff^lFTl): 1-15
MITH PwRT. PENETR. (FTc / 3.7S

DATA IASE:

PRODUCTION NELL DISCHARGE RATE (fiPH): 200.Ou
AQUIFER STORATIVIlr (Dim: l.iOOOE-Ol
TIME AFTER PUNPINi STARTED (fllNCJOOOO.Ou
DMAUDUMN KITH FULL PENETRATION (FTr. ..it,
AQUIFER HORI2. HYDR. CONDUCTIVITY 6PD/SU FT): 4.6620E>02
AQUIFER VERT. HrOfl. CONDUCTlVlH-t*nJ7^Ci FIc 4.662ut*U^
RADIAL DISTANCE TO MELL (FTi^2.0820Etdl)
AOU1FER THICKNESS (FTi: 2.0000t»W——
OIST. fROH AQUIFER TOP TO ftOTTOfl OF PROJ. MELL (FTi: i.400UE*02
'ilil. FROH AQUIFtK TOP TO PROD. MELL iUttH TOP (FTi b.OOUOtHl

V̂ OIST. FROH AQUIFER TOP TO 80TTON OF 08$. MELL (FT): l.GOuOE+02
DIb[. FROfl AQUHER TOP iu (OP Of 06$. MUL SCREtNiFli: 5.0uuu£tui

COflHUTATlON RESULTS:

MELL FUNCTION: 2.94b<i*0u
DRAHDONN DUE TO PART. PENETR. IflPACjTftJi: U.72
DRAHDOMM MHN HAR1. PENETK. (FT):



OATA BASE:

PRODUCTION MEU OISlHAPuE RATE KiPrti: 2ou.Qu
AviuifEft SIOHAIMJt i[tinI: i.buuoE-ui
TInE AFTER PUHPINb STARTED (fl I Mi: 30000.00
OfcANOOMN WITH FUU PENETRATION (FT): 2.12
AQUIFER mil. HKOR. CWWCTIVIlr 6PO/SO FT): 4.6620E+02
AMFER VERT. HfOR. CONDUIT I Wr-nieOtoLFTi: 4.662uE*«2
RAOIAL bISTMICE TO MEU (FT)( i.JOOOEtop
AOUlfER THICKNESS (FIi= 2.00wfc+4$—"^
DIST. FRON AQUIFER TOP TO BQTTOH. OF MOO. NELL (FT) : l.OOOOE*02
OIST. FROh AuUlFER TOP TO PROO. MELL SCREEN TOP ( F T ) S.VUUOE+Ol
DIST. FRO/1 AOUIFER TOP TO BOTTOn OF 06S. NELL (FT): i.OOOOt+02
OIST. FROn AOUIFER TOP TO TOP OF 06$. NELL SCKEEMlFTi:

CWlPUTAriOH RESULTS:

NELL FUNCTION: 1.6l<lE*00
ORAMOOMN DUE TO PART. PENETR. IKPfltTSWi: 0.4U
DRAMDOMN KITH PART. PENETR. (FT i :

DATA BASE:

PROOUCTION HELL DISCHARGE RATE f«Pn): 200.00
AduIFER STORATIVITr iblHr- 1.6uyOE-ul
TM AFTER PWPlHb STARTED (KIN 1:30000. 00
DRANDOMN NITH FULL PENETRATION |FTi: 1.88
AOUIFER MORIZ. HfOR. CONDUCT WT» 6PD/SO FT): 4.662ut»02
AOUIFER VERT. HTOR. CONDUCT I VlJjUiiWiw F T ) :
PACIal DISTANCE Tu MEU (FT/5.2JuOEM^
H îfir TDicirt̂ r fiTrr T
DIST. FROfl AOUIFER TOP TO BOUOh OF PROi). *tU (Hi:
OliT. FRu« AUUIFER TUP TO PROO. HELL $c«tt« 10* (Ki i.uyygt+ui
DIST. FROn AOUIFER TOP TO BOTTOh OF OBS. NELL (FT): 1.000UE+02

FfUifl AOUIFER TuP TO TOP OF .OBS. MElL SCREENlff i:

COMPUTATION RESULTS:

MELL FUNCTION: 7.4380E-01
DRAHOOMN DUE TO PART. PENETR. InPAU^ftjU 0.18
ORAMUUXN KITH PART. PENETR. (FT i : ( 2.U6J



DATA BASE:

PRODUCTION MELL DISCHARGE RATE (fiPfli: 200.00
AliUlFEx STUKATlV lTr (Dim: l.6UUUt-Ol
TInE AFTER PUHPIN6 STARTED inIN):JOoOO.OO
DtiAMWHN MITH FULL PENETRATION ( F T ) : 1.64
AOUlFEft MORI2. MYDR. CONDUCTIVITY 6PD/SU FT): 4.4620E+02
•60IFER VERT. NtOR. CONDUCT I VIJ^TGFUTSk FT) : 4.6420E^2
KMlIAL DISTANCE TO NELL (FT): 8.2890E+01*
MUIfEfi TNICWSS (FT): 2.<)W+02
(1ST. FROM AOUIFER TOP TO BOmtrOTpllOO. NELL (FT): 1.00<W£»02
Glbl. FKCm AOUIFER TOP TO PROD. NELL SCREEN TOP ( F T ) S.Owut+Ol
DIST. FROH AOUIFER TOP TO BOTTOM OF 063. HELL (FT): l.OOOOE+02
DIST. FROtl AOUIFER TOP TO TOP OF 06S. HELL SCREimFT): S.OuOOtHU

COMPUTATION RESULTS:

DELL FUNCTION: 2.7467E-01
MAMOOMN DUE TO PART. PENETR. IHPft(^-(^i: 0.07

'DRANbOMH NITM PART. PENETR. (FTi:

DATA BASE:

PRODUCTION HELL DISCHARGE RATE (fiPfli: 200.00
MU1FER STORATIV1TT Iblfl): 1.6000E-01
Tint AFTER PUflPINb STARTED (HINCJOOOO.OO
DRAMDOMN KITH FULL PENETRATION iff i: 1.40
MUIFER NORIZ. HIDR. CONDUCT I mVfcWu^i Fl): 4.W>20t»02
AflUIFER VERT. HTDR. CUNDUtWVTO^PD/sHl \- «.6620fc+02
RADIAL DISTANCE TO NELL ((ll: 1.31i6£t02 )
AlWIFER TNIC^NESS ( F T i : 2.WuE»02 J
DIST. FROM AOUIFER TOP TO WWHM-*tfM. NELL I FT): 1.0000E+02
DIbl. FROn AuUIFER TOP TO PKOO. HEiL SCREEN TOP (F l i S.wuuttui
DIST. FRON AOUIFER TOP TO BOTTOn OF OBS. NELL (FT) : l.OOOoE+02

/DIST. FROn AuUIFER TUH TO TOP OF Ob). *tLl ScRt£ii(FTi:

COMPUTATION RESULTS:

NELL FUNCTION: 7.9928E-02
DRANDONN DUE TO PART. PENETR. IBPACUJFT): 0.02
OAAMuONN MITH PART. PENETR. iFIi:



1
DATA BASE:

PRODUCTION DELL DISCHARGE RATE I6PH): 200.00
AiiUlfEK STORATIVlTf (Dim: i.6vOOE-Ol
TIRE AFTER PUMPIN« STARTED iHlNi:jOOi)0.00
MAttOGm KITH FUU PENETRATION (FTi : I.ift
AWIFER mil. HTDft. C6HDUCTIVm (it>b/SU f T > : 4.6*201+02 --
AOUlFER VERT. HluR. CONDUCT im*<rt?l!7b& FTi: 4.6ft20E*u2
RADIAL DISTANCE TO HELL (FT
AOUIFER THICKNESS (FTl=
OIST. FROM AOUIFER TOP TO BOTTOM OF PROD. HELL (FT): 1.0000E+02
Dlsl. FROfl AOUIFEH TOP TO MOD. HELL StfttE* TOP ( F T i 5.(wOO£*ui
DIST. FROfl AOUIFER TOP TO BOTTOM OF DBS. NELL (FT): J.OOOOEt02
OIST. FROM AOUIFER TOP TO TOP OF ObS. HELL SCREEH\FTi: S.uouOt+ul'

COMPUTATION RESULTS:

HELL FUNCTION: 1.S8UE-02
MAMOOHN DUE TO PART. PENETR. IHPACI&3KJ: 0.00
ORANDOMN HITH PART. PENETR. iFTi : ( 1.16

DATA IASE:

PRODUCTION HELL DISCHARGE RATE (GPn): 200.00
AOUIFER STORATIVITT (llhi: 1.6000E-01
TInE AFTER PUMPING STARTED (MlN):jOOOO.OO
DRANDOHN NITH FULL PENETRATION (Hi: 0.93
AOUIFER NORIi. HYDR. CONOUCTIVITT fiPD/SO FT): 4.6620E*02
AOUIFER VERT. HYDR. CONDUCTIVITjL-UfcCuAiTi: 4.6620E+02
RADIAL DISTANCE TO HELL <FHf i.3000E»02
AOUIFER TNICHNESS iFTi: 2.Wt+02
OIST. FROM AOUIFER TOP TO BOTTOM OF HKUO. HELL (FT): l.OOOOE+02
Ulsl. Fkun AuuiKK IUF iii KKUU. ntu StKEtt IUP uii i.vuuut^ul
DIST. FROM AOUIFER TOP TO BOTTOfl OF 088. NELL (FT): 1.0oOO[t02
OIST. FROM AOUIFER TOP TO TOP OF 06S. MElL SuRttNlFTj: S.OOuOEtOl

COMPUTATION RESULTS:

NEU FUNCTION: 1.7J71E-03
ORAHOOHN DUE TO PART. PENETR. IdPflC^IfTi: 0.00

«iTM PsftT. PENEIK.



DATA BASE:

PRODUCTION HELL DISCHARGE KATE iGPn): 2uO.UU
AiwlFER STORftT iV lTt (Dim: 1.6U«uE-ul
TlnE AFTER PUnPINfi STARTED tHiNi:JCOOO.OO
MftNOOUM WITH FULL PENETRATION ( F T i : O.fi
MUIFER HORIZ. H»OR. CONDUCTlVITf fiPD/SQ FT): 4.6620Et02
MUIFER VERT. HfDR. CUNiiuCTlH^rrsr-fli: 4.662ut*u/
IAOIAL DISTANCE TO NELL
MUIFER THICINESS (FTu
OIST. FftM MUIFER TOP TO BOTTOM OF MOO. HELL (FT): i.OOOOE*02
DIST. FROfl AOUIFER TOP TO PfcuD. NELL SCREEN iup (FT I 5.0U00E+U1
DIST. FftOfl MUIFER TOP TO BOTTOM OF 06S. NELL (FT) : 1.0006E+02
OIST. ffiOfl AOUIFER TOP TO TOP OF Ufci. NELL SCftCENiFT/; S.OuuuE^Ol

COMPUTATION RESULTS:

NELL FACTION:
MAKOONN DUE TO PART. PENETfi. INPACTUFT): 0.00

>wMAM>ONN NITH PART. PENtTR. I f f ) :

DATA BASE:

PRODUCTION NELL DISCNAR6E DATE itPnc iW.W
MWflfr ifeKstnilr tinfttr T^ovm-'-n- ————
TIME AFTER PUHPlht STARTED IBIN I=30000.00
MANOONN NITH FULL PENETRATION (FTu 0.47
MUIFER HOfln. NYDR. CONDUCTIVIT? tPD/S() FT): 4.6620E+02
MUIFER VERT, HTDR. CONDUCTivjw^mSrH,'14.6620E+02
RADIAL DISTANCE TO NELL (FTfT 8.28'y2[+02
MUIFER THICKNESS ( F T ) : 2.000oE*02
OIST. FROM AOUIFER TOP TO KOTTDfH>M>Wl5. NELL (FT): 1.0000E»02
DIST. FftOn AOUIFER TOP TO PROb. NELL SCREEN TOP ( F T ) 5.GOOOL+G1
DIST. FROM AOUIFER TOP TO BOTTOM OF 06S. NELL (FT): l.OOOOE+02

T. FROM AOUIFER TOP Tu TOP OF 06S. NELL SCREEN*FT i: 5.0ggOE+ol

COMPUTATION RESULTS:

NELL FUNCTION: 4.2779E-07
DRANDOHN DUE TO PART. PENETR. IMPACT>rt^Ti: 0.00
DKANOONN KITH KARI. PENETR. IFT I : o .4? j



1
DATA BASE:

PRODUCTION NELL OISCHAKbE RATE ibPHi: w).oO
WjuIPtK iTufcfiliviTt (Dim: i.bOOoE-ui
TlhE AFTER PUnPINb STATED (flINi:iOOOO.Ou
ORAN06UN HiTH FULL PENETkflTIUN ( F T ) : 0.2?
MUIFER HORIZ. N»OR. CONDUCT I VITt JPpiSaR): 4.6620E+U2
MOIF1R »ER1. NTDR. CONDUCTIVpfrsf'D/sTTTv 4.6620E+02
ftAvIAL OISTANCE TO NELL (FT):li.3U8£*03
MUIFER TMICMESS (FT): 2.0000E\̂ 2
OIST. FROrt MUIFER TOP TO 60TTOHVtRtiD. HELL (FT): l.OOOOE+02
(1ST. FROfl MUIFER TOP TO PROD. NELL SCREEN TOP (FT) S.OOOOEuil
OIST. FROM MUIFER TOP TO BOTTOM OF 068. NELL (FT): l.OOOOE+02
DISI. FROM AOUIfER TOP TO TOP OF 06b. NELL SCREENifli: 5.00uOE»01

COMPUTATION RESULTS: . /'

NELL FUNCTION: i.i?40E-io
MAHOMN DUE TO PART. PENETR. IMPttrTfHi: 0.00
MAMOONN NITH PART. PENETR. <FTI:\

DATA IASE:

PRODUCTION NELL OISCHAKbE RATE KiPfl): 20U.OO
MUIFER STORATlVITl iOIHi: 1.6000E-U1
TIME AFTER PUMPING STARTED (HlN):JOOOO.OO
MMOOHN NITN FULL PENETRATION (Fit: 0.11
MUIFER NORIZ. HTDR. CONWCTIVITi (PD/SO FT): 4.6620E+02
MUIFER VEftT. HfDft. CONDUCTiVIlt^bPDTSti^FTi: 4.662«E+o2
RADIAL DISTANCE TO NELL <FTl£/2.0822E+0i )
MUIFEt* THICWESS (FTi : 2.006<iti02^X
OIST. FROM AOUIFER TOP TO BOTTOflOTPTtuD. NELL (FT): 1.0000E+U2
D1ST. FROfl AUUIFER TOP TO CftuU. NELL SCREEN TOf t f T i S.uuuOEiul
DIST. FROM AOUIFER TOP TO BOTTOfl OF Obi. NELL ( F T ) : !.OOOOEto2
OISI. FROn AOUIFEK TOP Tu TOP uF uBS. HtLL ScREEdiFIi:

COMPUTATION RESULTS:

HELL FUNCTION: 7.6165E-16
MAMOOHN DUE TO PART. PENETR. IMPA^t^JTi: 0.00

NITH HART. PENElK. ( F T i :



DAIA BASE:

PROMOTION MELL OISCHARbE RAli IbPfli: 200.00
awulFEK STuKfcTIviTT ibini: i.oOuut-ul
TlnE AFTER PUHPING STARTED <nlNi:JOuOO.UU
MMUUMN MiTH FULL PEllEThAlICm iHi: u.uS
AOUIFER HORIZ. HtDR. CONDUCTlVlpHmr^FTi: 4.662uEtu2
AttUlFER VERT. HVM..MMDUCTt<TtrTb*lb/5u\Ti: 4.6620^02
IM)IAl OISTAMCE TO HELL (Fib 3.3000£»03
•OUIFER TH1UNESS IfTi: 2
OIST. FROfl AQUIFER TOP TO dOTTOMiTPM). NELL (FT): l.OOOOE+02
OUT. FRCin AQUIFER TOP TO PflOb. MELL SCREEN TOP ( F T i 5.0000E+01
DIST. FftOH MUIFER TOP TO BOTTOfl OF OBS. MELL (FT): l.(KH)Ott02
OISF. FROfl AOUIFER TOP TO TOP OF U8S. MELL SCKEENiFTi: S.0vv0t+0l

COMPUTATION RESULTS:
;

MELL FUNCTION: 2.9770E-24
NAMOOMN DUE TO PART. PENETR. IHPACW-4FT): 0.00
OftAMDOMN NITH PART. PENETR. (FT) : '



DRAWDOWN VS. DIST.
PART. PEN. AT 200 GPM
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ATTACHMENT H

EXTRACTION WELLS TO ST. JOSEPH RIVER



TECHNICAL MEMORANDUM - Extraction Wells to the St. Joseph River

DATE: March 31, .1992

TO: Mehdi Geraminegad

FROM: Walter Tremel

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Collect and Transfer Grouhdwater from
the Extraction Wells to the St. Joseph River

This groundwater process option involves extraction of groundwater from beneath the
landfill dump site to drop the aquifer water table below the fill in the dump area.
Groundwater extracted form the wells will be conveyed to the St. Joseph River
approximately 5,000 feet to the south of the landfill for discharge.

The system includes an array of six extraction wells located within the landfill with a total
groundwater extraction pumping rate of 1,200 gpm (see attached figure). Each extraction
well will be screened at 150 ft. to 200 ft. and will be regulated to pump approximately 200
gpm. The groundwater from these extraction wells will be directed through a pipe header
to a central point where an inline centrifugal pump will pump the extracted groundwater
through a 8 inch x 5,000 foot pipeline to its discharge point in the St. Joseph River.

Equipment required:

6 Groundwater extraction wells screened between 150 to 200 ft.

6 Submersible pump capable of pumping 200 gpm.

6 Motor starter/breaker units.

3,400 ft. - 1-inch conduit with power and control wires.

2,800 ft. - 4-inch PVC pipe and fittings
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1
600 ft. - 6-inch PVC pipe and fittings

5,200 ft. - 8-inch PVC pipe and fittings

1 -1,200 gpm inline centrifugal pump.

1 - Pump/motor foundation.

1 - Motor starter/breaker unit with NEMA 4 enclosures 100 ft. - 1-inch conduit with
power and control wires.

8,600 ft. - 4-foot deep trench.fof pipe protection.

10 wooden electric poles.

1000 ft - Electric utility supply lines.

1 - Pole mounted transformer.
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ATTACHMENT I

INTERCEPTOR TRENCHES TO ST. JOSEPH-RIVER



TECHNICAL MEMORANDUM - Interceptor Trenches to St. Joseph River

DATE: March 3 1,1992

TO: Mehdi Geraminegad

FROM: Walter Tremel

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Collect and Transfer Water from
Intercetor Trenches to St. Joseh River

This interceptor trench process option provides for intercepting groundwater in interceptor
trenches upgradient of the landfill site and thereby lowering the water table in the aquifer
below the dump area. An estimated 2,120 gpm of groundwater will be collected and
directed to sumps within the trenches, and pumped to the St. Joseph River.

The system includes a series of interceptor trenches placed along the perimeter of the site
interconnected with the quarry pond located north east of the site. The groundwater
intercepted by these trenches will be directed to the quarry pond and later pumped with a
centrifugal pump through a 10 inch x 5,000 foot pipeline to its discharge point in the St.
Joseph's river.

Equipment Required:

1,100 ft - Groundwater diversion trench extending from the east side of quarry.

1,500 ft - Groundwater diversion trench extending from the north side of quarry.

750 ft - Groundwater diversion trench along the west side of the site.

6,500 ft. - 10 inch PVC pipe and fittings

1-2120 gpm Centifugal pump.

1 - Pump/motor support structure.
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1 - Starter /breaker unit.

500 ft. - 2-inch conduit with power and control wires.

6,500 ft. - 4 ft. deep trench for pipe protection.

10 - Wooden Electric poles.

1000 ft - Electric utility supply lines.

1 - Pole mounted transformer.

Page 17





ATTACHMENT J

PLUME INTERCEPTION SYSTEM TO ST. JOSEPH RIVER
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TECHNICAL MEMORANDUM - Plume Interception System to.St. Joseph River

DATE: March 31, 1992

TO: Mehdi Geraminegad

FROM: Walter Tremel

SUBJECT: EPA ARCS V Program
Himco Dump Superfund Site, Elkhart, Indiana
SEC Donohue Project No. 20026

Collect and Transfer of Groundwater from the
Plume Intercetor Sstem to St. Joseh River

The plume interceptor process option provides for the capturing of contaminant plume
down gradient of the site to eliminate off-site migration of contaminants. It includes an
array of extraction wells placed down gradient of the dump area. Because the extent of
groundwater contamination is not known at this site, the plume interception system is
designed to cover 1/3 downgradient face of the site. However, the same plume interceptor
system can be considered for the remaining down gradient face of the site. An estimated
105 gpm of groundwater will be intercepted and extracted by the extraction wells, treated
by a combination of air stripping, liquid phase active carbon adsorption, and precipitation
prior to being pumped to the St. Joseph River or being discharged to the POTW.

The system includes an array of three extraction wells located downgradient of the landfill
with a total groundwater extraction pumping rate of 105 gpm. Each extraction wells will be
placed at a spacing of approximately 220 ft and will be regulated to pump approximately
35 gpm (see attached Figure). The groundwater from these extraction wells will be directed
through a pipe header to a central point where it will be treated with air stripping to
remove VOC contaminants, LPAC to remove semi-volatile contaminants, and precipitation
to remove inorganic contaminants. A centrifugal pump will pump the treated extracted
groundwater through a 4 inch x 5,000 foot pipeline to its discharge point in the St. Joseph's
river or to the POTW.
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1
Equipment required:

3 - Groundwater extraction wells with a submersible pump capable of pumping
35 gpm.

3 Motor starter/breaker units.

1,000 ft. - 1-inch conduit with power and control wires.

1,000 ft. - 3-inch PVC pipe and fittings.

5,000 ft. - 4-inch PVC pipe and fittings.

5,000 ft. - 4-foot deep trench for pipe protection.

1 - packed air stripping tower with 105 gpm and 1,000 scfm capacity.

2 - Vapor Phase activated carbon units.

2 - Liquid Phase activated carbon units.

1 - 5,000 gal fiberglass reinforced plastic (FRP) rectangular reagent mixing tank with
agitators.

3 - 2,500 gal FRP reagent holding tanks with feed pump systems.

2 - 2,500 gal Acid/Base feed tanks with pump systems.

1 -10,000 gal FRP vertical insulated collection/storage tank, with high and low level
alarms.

2 -105 gpm Centifugal pumps.

1 -1,000 scfm air blower.

1 - 60 ft x 120 ft. equipment foundation/containment area.

3 - Motor starter/breaker units.

500 ft. - 1-inch conduit with power and control wires.
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10 - Wooden Electric poles.

1000 ft E- lectric utility supply lines.

1 - pole mounted transformer.

R/HIMCO/A04
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